TOSHIBA 


TLCS-900 Series 


TMP95C061 


CMOS 16-bit Microcontrollers 
TMP95C061F 


1. Outline and Device Characteristics 
TMP95C061F is a high-speed advanced 16-bit microcontrol- 


ler developed for controlling medium to large-scale equipment. 


The TMP95C061F is housed in an 100-pin flat package. 
Device characteristics are as follows: 


(1) Original 16-bit CPU 

e¢ TLCS-90/900 instruction mnemonic upward compatible. 
e 16M-byte linear address space 

e General-purpose registers and register bank system 


e 16-bit multiplication/division and bit transfer/arithmetic 
instructions 


e High-speed DMA 
- 4channels (640ns/2 bytes at 25MHz) 


(2) Minimum instruction execution time 
- 160ns at 25MHz 


(8) Internal RAM: None 
Internal ROM: None 


The information contained here is subject to change without notice. 


(4) External memory expansion 
e Can be expanded up to 16M bytes (for both programs and 
data) 
¢ AM8/16 pin (select external data bus width) 
e Can mix 8- and 16-bit external data bus width. 
--Dynamic data bus sizing 
) DRAM Controller 
) 8-bit timer: 2 channels 
) 16-bit timer: 2 channels 
) Pattern generators: 4 bits, 2 channels 
) Serial interface: 2 channels 
0) 10-bit A/D converter: 4 channels 
1) Watchdog timer 
2) Chip select/wait controller: 4 blocks 
8) Interrupt functions 
e 2 CPU interrupts’: -~ SWI instruction and Illegal instruction 
e 18 internal interrupts — 
e 6 external interrupts} — 
(14) I/O ports: 56 pins 
(15) Standby function : 


(5 
(6 
(7 
(8 
(9 
(1 
(1 
(1 
(1 


7-level priority can be set. 


3 HALT modes (RUN, IDLE, STOP) 


The information contained herein is presented only as guide for the applications of our products. No responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties 
which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others. These TOSHIBA products are intended for usage in general electronic 
equipments (office equipment, communication equipment, measuring equipment, domestic electrification, etc.) Please make sure that you consult with us before you use these TOSHIBA products in equip- 
ments which require high quality and/or reliability, and in equipments which could have major impact to the welfare of human life (atomic energy control, spaceship, traffic signal, combustion control, all types 
of safety devices, etc.). TOSHIBA cannot accept liability to any damage which may occur in case these TOSHIBA products were used in the mentioned equipments without prior consultation with TOSHIBA. 
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Figure 1. TMP95C061 Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 
The assignment of input/output pins for TMP95C061, their Figure 2.1 shows pin assignment of TMP95C061. 
name and outline functions are described below. 
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Figure 2.1. Pin Assignment (100-pin QFP) 
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2.2 Pin Names and Functions described below. 
The names of input/output pins and their functions are 


Table 2.2. Pin Names and Functions 


de 
of pins 


DO to D7 | 8 | vo | Data : Oto7 fordata bus 


P10 to P17 ie) Port1: 1/O ports that allow I/O to be selected on a bit basls 
D8 to D15 /0 


Data : 8to15fordata bus 


P20 to P27 Output | Port2 : Output ports 
A16 to A23 ae Address : 16 to 23 for address bus 


| Output | Address : 8to 15 for address bus 


cs 


Output 


Address : Oto7 for address bus 


Strobe signal for reading external memory 


Output | Write : Strobe signal for writing data on pins DO to 7 


13) 55/8) & 
o|;o 
rP|> 

dF 


1 ie) Port 52 : I/O port (with pull-up resistor) 
Output |HighWrite : Strobe signal for writing data on pins D8 to 15 


ala 
o/s 
ee) 


Vie) Port 53 : 1/0 port (with pull-up resistor) 

Input Busrequest : Signal used to request high impedance for DO to 
15, AO to 23, RD, WR, HWR, R/W, CSO to CS3, RAS, 
CAS and REFOUT (*) pins. (for external DMAC) 


P54 1 fe) 
BUSAK Output 


Port 54 : 1/0 port (with pull-up resistor) 
Bus Acknowledge : Signal indicating that DO to 15, AO to 23, RD, 
WR, HWR, R/W, CSO to CS3, RAS, CAS and 
REFOUT (*) pins are at high impedance after 
receiving BUSRQ. (for external DMAC) 


msl 
ul 
uw 


Port 55 : Output port (with pull-up resistor) 
Output | Read/Write : 1: indicates read or dummy cycle 
0 : indicates write cycle 


S| 


Output 
Output 


Port 60 Output port 
Chip SelectO: Outputs 0 when address is within specified address 
area 


ais 
ua 
ao 


Output 
Output 


Port 61 Output port 
Chip Select 1: Output 0 when address is within specified address 
area 


O| v2 
nn 
=| = 


Note :With the external DMA controller, this device’s built-in memory or built-in I/O cannot be 
accessed using the BUSRQ and BUSAK pins. 


(*) RAS, CAS, and REFOUT are set to high impedance only when bus release mode is set using the 
DRAM controller. For details, see 3.7, Dynamic RAM (DRAM) Controller. 
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Output 


P63 
cs3 
CAS 


P64 Output 
RAS Output 


P70 to P73 


PGOO to PGO3 
P74 to P77 4 


Output 


ie) 
Output 


PG10 to PG13 


Port 82 


Input Port9 


Input 


P90 to P93 
ANO to AN3 
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of pins 
P62 1 Output | Port 62 ; 
Cs2 Output | Chip Select 2: 


Output | Port 63 : Output port 
Output |ChipSelect3: Outputs 0 if address is within specified address 
area 


Column address strobe : Outputs CAS strobe for DRAM if address is 


Port 64 
Low address strobe 


P6s 1 Output | Port65 
REFOUT Output | Refresh Output : 
4 Ve) Port 70 to 73: 


Pattern generator Port 
Port 74 to 77: 


Pattern generator Port 
/O Port80_ : 
Output | Serial send data0 
/O Port81 : 
Input Serial receive data 0 
Te) 


Serial data send enable (clear to send) 
Serial Clock I/0 0 


1/0 Port83 : 
Serial send data 1 


Serial receive data 1 


Output 

1/0 Port84_ : 
Input 

0 Port85_ : 


/O Serial clock I/O 1 


Analog input 


PAO 1 0 PortAO : 

WAIT Input Wait : Pin used to request CPU us wait 

PA1 1 1/0 Port A1 

TIO Input Timer input 0 

PA2 1 VO Port A2 
Output 


Timer output 1 : 


Output port 
Outputs 0 if address is within specified address 
area 


within specified address area 


Output port 
: Output RAS strobe for DRAM if address is 
within specified address area 


: Output port 
0: indicates priod of refresh cycle 


1/0 port that allow selection of I/O on a bit basis 
(with pull-up resister) 
00 to 03 


1/0 port that allow selection of I/O on a bit basis 
(with pull-up resister) 
10 to 13 


\/O port (with pull-up resister) 


1/O port (with pull-up resister) 


1/O port (with pull-up resister) 


\/O port (with pull-up resister) 
1/O port (with pull-up resister) 
\/O port (with pull-up resister) 


: Input port 
: Inputto A/D converter 


1/O port (with pull-up resister) 


: 1/O port (with pull-up resister) 
: Timer 0 input 


: 1/0 port (with pull-up resister) 
Timer 0 or 1 output 
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acs 
PA3 1 VO Port A3 : I/O port (with pull-up resistor) 
TO3 Output |Timeroutput3 : 8-bit timer 3 output 

1 fe) 


Port BO : /O port (with pull-up resistor) 
Timerinput4 : Timer 4count/ capture trigger signal input 
Interrupt request pin4 : Interrupt request pin with 
programmable rising / falling edge 


Port 86 : I/O port (with pull-up resistor) 
Timerinput5 : Timer 4count/capture trigger signal input 

Interrupt request pin 5 Interrupt request pin with rising edge 
Port B2 
Timer output4 
Port B3 
Timer output5 


: /O port (with pull-up resistor) 
Timer4 output 


: I/O port (with pull-up resistor) 
Timer4 output 


: 1/0 port (with pull-up resistor) 
Timerinput6 : Timer5count/capture trigger signal input 
Interruptrequestpin6 : Interrupt request pin with 
progmnable rising /fulling edge 


: V/O port (with pull-up resistor) 
Timerinput7 : Timer5count/capture trigger signal input 
Interruptrequest pin7 : Interrupt request pin with rising edge 


PB6 /O Port B6 : 1/0 port (with pull-up resistor) 

TO6 Output |Timeroutput6 : Timer5 output pin 

PB7 PortB7 : 1/O port (with pull-up resistor) 

INTO InterruptrequestpinO : Interrupt request pin with 
progmmable level / rising edge 


Veer (VreFH) aa Pin for refereme voltage input to A/D connecter 


AGND (Vregt) Ground pin for A/D converter 
WDTOUT Watchdog timer output pin 


Non-maskable interrupt request pin 
Interrupt request pin with falling edge. 
Can also be operated at rising edge by program. 
CLK Output |Clock output : Outputs [ System Clock +4 Clock. 
Pulled-up during reset. 


Input Address mode : Selects external Data Bus width “0” should be 
inputted with fixed 16 bit Bus width or 16 bit 
Bus interlorded with 8 bit Bus. "1" should be 
inputted with fixed 8 bit Bus width 


Initializes LS! (with pull-up resister) 


Power supply pin (+5 V) 
GND pin (0 V) 


Note : Pull-up resistor can be released from the pin by software. 
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3. Operation 
This section describes in blocks the functions and basic oper- 
ations of TMP95C061 device. 

Check the [7. Care Points and Restriction] because of the 
Care Points, etc., are described. 


3.1 CPU 
TMP95C061 device has a built-in high-performance 16-bit 
CPU (900/H CPU). (For CPU operation, see TLCS-900 CPU in 
the previous section.) 

This section describes CPU functions unique to 
TMP95C061 that are not described in the previous section. 


3.1.1 Reset 
To reset the TMP95C061, the RESET input must be kept at O 
for at least 10 system clocks (10 states: 800ns with a 25MHz 
system clock) within an operating voltage range and with a 
stable oscillation. 

When reset is accepted, the CPU sets as follows: 


e Program Counter (PC) to 8000H. 


PC (7 : 0) < stored data to OFFFFOOH 
PC (15:8) |< stored data to OFFFFO1H 
PC (23:16) <stored data to OFFFFO2H 


e Stack pointer (XSP) for system mode to 100H. 


e |FF2 to O bits of status register to 111. (Sets mask register to 
interrupt level 7.) 


e MAX bit of status register to 1. (Sets to minimum mode.) 


¢ Bits RFP2 to O of status register to O00. (Sets register banks 
to 0.) 
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When reset is released, instruction execution starts from 
PC reset vector. CPU internal registers other than the above 
are not changed. 
When reset is accepted, processing for built-in I/Os, 
ports, and other pins is as follows: 
e Initializes built-in I/O registers as per specifications. 
e Sets port pins (including pins also used as built-in I/Os) to 
general-purpose input/output port mode. 
e Sets the WDTOUT pin to 0. (Watchdog timer is set to enable 
after reset.) 
e Pulls up the CLK pin to 1. 


3.1.2 External Data Width Selection Pin (AM18/16) 


After reset operation, TMP95C061, the operates 8 bits or 16 
bits external data width according to input to AM8/16 pin. 


e Fixed 16 bit bus or 16 bit bus interlarded with 8 bit 
bus 


“O” should be input. Port 1 (P10 to P17) operate as 
data bus D8 to 15. The data bus width for external 
access is set by Chip Select/Wait Control resistor. 


e Fixed 8 bit bus 


“4” should be input. Port 1 (P10 to P17) operate as 8 
bit data I/O ports. The value set in Chip Select/Wait 
Control resistor <BOBUS>, <B1BUS>, <B2BUS>, 
<B3BUS> and <BEXBUS> are neglected. 


TMP95C061 


3.2 Memory Map 
Figure 3.2 shows a memory map of the TMP95C061. 


000000H f= ntemal vO 
000080H SB Byte) Direct Area (n) 
000100H ee eee 


64K byte area (nn) 


External memory 
010000H 
(16M byte) 
16M byte area 

(R) 
(-R) 
(R +) 
(R + R8/ 16) 
(R + d8/ 16) 
(nnn) 

FEFFOOH Vector Table (256 Byte) 


FFFFFFH 


(= internal area) 


(Note) After reset operation, Stack point (XSP) is set to 100H. 


Figure 3.2. Memory Map 
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3.3 Interrupts 
TLCS-900 interrupts are controlled by the CPU interrupt mask 


TMP95C061 


flip-flop (IFF2 to 0) and the built-in interrupt controller. 
TMP95C061F has the following 26 interrupt sources: 


e Interrupts from the CPU'':2 


¢ Interrupts from built-in /Os'-14 
¢ Interrupts from high-speed DMA (HDMA)::'4 


(Software interrupts, privileged violations, and Illegal (undefined) instruction execution) 
e Interrupts from external pins (NMI, INTO, and INT4 to 7)"6 


A fixed individual interrupt vector number is assigned to 
each interrupt source; six levels of priority (variable) can also be 
assigned to each maskable interrupt. Non-maskable interrupts 
have a fixed priority of 7. 

When an interrupt is generated, the interrupt controller 
sends the value of the priority of the interrupt source to the 
CPU. When more than one interrupt is generated simulta- 
neously, the interrupt controller sends the value of the highest 
priority (7 for non-maskable interrupts is the highest) to the 
CPU. 

The CPU compares the value of the priority sent with the 
value in the CPU interrupt mask register (IFF2 to 0). If the value 
is greater than that of the CPU interrupt mask register, the 
interrupt is accepted. The value in the CPU interrupt mask reg- 
ister (IFF2 to 0) can be changed using the El instruction (con- 
tents of the El num/IFF<2:0> = num). For example, 
programming El 3 enables acceptance of maskable interrupts 
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with a priority of 3 or greater, and non-maskable interrupts 
which are set in the interrupt controller. The DI instruction 
(IFF<2:0> = 7) operates in the same way as the El 7 instruc- 
tion. Since the priority values for maskable interrupts are O to 6, 
the DI instruction is used to disable maskable interrupts to be 
accepted. The El instruction becomes effective immediately 
after execution. (With the TLCS-90, the El instruction becomes 
effective after execution of the subsequent instruction.) 

In addition to the general-purpose interrupt processing 
mode described above, there is also a high-speed DMA 
(HDMA) processing mode. HDMA is a mode used by the CPU 
to automatically transfer byte, word and 4-byte data. It enables 
the CPU to process interrupts such as data saves to built-in I/Os 
at high speed. 

Figure 3.3 (1) is a flowchart showing overall interrupt 
processing. 


TMP95C061 


Interrupt Processing 


Clear interrupt 
request F/F. 


high-speed DMA 
start vector match 


NO 


Read the interrupt vector V 
clear interrupt request F/F 
Resend Data transfer by 


HDMA 


General-purpose 


interrupt pust PC 
ak PUSH SR 
' 2 SR<IFF2 to 0><Accepted COUNT < COUNT -1 HDMA 
interruput processing 
level +1 
INTNEST< INTNEST + 1 
TC Interrupt 
Vector register clear 
‘| PC — (FFFFOOH + V) 
Interrupt processing 
program 
RETI Instruction 
POP SR 
POP PC 
INTNEST<—INTNEST — 1 
Note : Incase of read-only mode, always branches to “NO” without conditional branch. 


Figure 3.3 (1). Interrupt Processing Flowchart 


10 TOSHIBA CORPORATION 


3.3.1 General-Purpose Interrupt Processing 
When accepting an interrupt, the CPU operates as follows: 


(1) | The CPU reads the interrupt vector from the interrupt 
controller. When more than one interrupt with the 
same level is generated simultaneously, the interrupt 
controller generates interrupt vectors in accordance 
with the default priority (which is fixed as follows: the 
smaller the vector value, the higher the priority), then 
clears the interrupt request. 


(2) | The CPU pushes the program counter and the status 
register to the system stack area (area indicated by the 
system mode stack pointer(XSP)). 


(8) | The CPU sets a value in the CPU interrupt mask regis- 
ter <IFF2 to O> that is higher by 1 than the value of the 
accepted interrupt level. However, if the value is 7, 7 is 
set without an increment. 


(4) |The CPU increments the INTNEST (Interrupt Nesting 
Counter). 


(5) The CPU jumps to address FFFFOOH + interrupt vec- 
tor, then starts the interrupt processing routine. 
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Bus Width of sett Interrupt Processing State Number 
Stack Area | actor Area MAX mode Min mode 
; 8 bi 23 24 
8 bit 
16 bit 24 20 
8 bi 22 20 
16 bit ; 
16 bit 18 16 


To return to the main routine after completion of the inter- 
rupt processing, the RETI instruction is usually used. Executing 
this instruction restores the contents of the program counter 
and the status registers and decements the INTNEST (Inter- 
rupt Nesting Counter). 

Though acceptance of non-maskable interrupts cannot 
be disabled by program, acceptance of maskable interrupts 
can. A priority can be set for each source of maskable inter- 
rupts. The CPU accepts an interrupt request with a priority 
higher than the value in the CPU mask register <IFF2 to O>. 
The CPU mask register <IFF2 to O> is set to a value higher by 
1 than the priority of the accepted interrupt. Thus, if an inter- 
rupt with a level higher than the interrupt being processed is 
generated, the CPU accepts the interrupt with the higher level, 
causing interrupt processing to nest. 

If an interrupt generated while the CPU is performing pro- 
cesses (1) to (5) for an earlier interrupt, the new interrupt is 
sampled immediately after the start instruction of the interrupt 
processing is executed. Setting DI as the start instruction dis- 
ables maskable interrupt nesting. (Note: With the 900 and 
9OO/L, an interrupt is sampled before the start instruction is 
executed.) 

Resetting initializes the CPU mask registers <IFF2 to O> 
to 7; therefore, maskable interrupts are disabled. 

The addresses OFFFFOOH to OFFFFFFH (256 bytes) of 
the TMP95C061 are assigned for interrupt processing entry 
area. 


TMP95C061 


Table 3.3 (1) TMP95C061 Interrupt Table 


priorit yp P to vector start vector 


Reset, or SWIO instruction FFFFOOH 
SWI 1 instruction FFFFO4H 
INTUNDEF: Illegal instruction, or SWI2 FFFFO8H 
SWI 3 instruction FFFFOCH 
maskable |SW1I 4 instruction FFFF10H 
SWI 5 instruction FFFF14H 
SWI 6 instruction FFFF18H 
SWI 7 instruction FFFF1CH 
MI Pin FFFF20H 
|iwrwo : Watchdog timer FFFF24H 
(HDMA) - 
INTO pin FFFF28H 
INT4 pin FFFF2CH 
INTS pin FFFF30H 
INT6 pin FFFF34H 
INT7 pin FFFF38H 
(Reserved) FFFF3CH 
INTTO : 8-bit timerO FFFF40H 
INTT1 : 8-bit timer FFFF44H 
INTT2 : 8-bit timer2 FFFF48H 
INTT3 : 8-bit timer3 FFFF4CH 
Maskable |INTTR4 —:_:- 16-bit timer4 (TREG4) FFFF50H 
INTTR5 =: 16-bit timer4 (TREGS) FFFF54H 
INTTR6 ~~: :~+16-bit timer5 (TREG6) FFFF58H 
INTTR7 ~—::- 16-bit timer5 (TREG7) FFFFSCH 
INTRXO _: Serial receive (Channel.0) FFFF60H 
INTTXO : Serial send (Channel.0) FFFF64H 
INTRX1 —: Serial receive (Channel.1) | FFFF68H 
INTTX1 : Serial send (Channel.1) FFFF6CH 
INTAD : A/D conversion completion FFFF70H 
INTTCO HDMA completion (channel.0) FFFF74H 
INTTC1 HDMA completion (channel.1) FFFF78H 
INTTC2 HDMA completion (channel.2) FFFF7CH 
INTTC3 HDMA completion (channel.3) FFFF80H 
(Reserved) FFFF84H 
to to 
Reserved FFFFFCH 


WO AN DN FWN 
ooooooococ9n$jo 
Dees Se Ss ee Ce Ce Ss es be Os 


oooooooao$9qnjo 


8 
Cc 
0 
4 
8 
Cc 
0 
4 
8 
Cc 
0 
4 
8 


ooooooooaoo0oncooojegeooooo09qe#e#eooooosdo 


oooocoooooo90ocoaoncoceoeo0ocooooo0oqoqcco 
oe: ae 50). oe ae, Se a Ee a, a, SE a Se Ee 
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Setting to Reset/Interrupt Vector 


® Reset Vector 


FFFFOOH 
FFFFO1H 
FFFFO2H 
FFFFO3H 


@ Interrupt Vector (except Reset Vector) 


(Address refer to vector) 


(Setting Example) 


+0 PC (7:0) 
+1 PC (15:8) 
+2 | PC (23:16) 
3 
: XX : don't care 


Reset Vectir : 8100H, NMI Vector : 9ABCH, INTAD Vector : 123456h. 


ORG 
LD 


ORG 
LD 


ORG 
LD 


ORG 
DL 


ORG 
DL 


ORG 
DL 


The value ‘99H’ as a vector is for the explaining 
and it does not have a special meaning. 


8100H 
A,B (cf) 
ORG, DL are the Assembler Directive. 
9ABCH ORG : control location counter 
B,C bs : define the long word (32 bits) data 


123456H 
c,A 


OFFFFOOH 
008100H ; Reset =8100H 


OFFFF20H 
QO9ABCH iN 


| 


s 


| = 9ABCH 


OFFFF70H 
123456H ; INTAD = 123456H 
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3.3.2 High-Speed DMA (HDMA) 

In addition to the conventional interrupt processing, 
TMP95C061 also has a high-speed DMA (HDMA) function. 
Each interrupt request starts HDMA operation in level “6” irrele- 
vant to the set interrupt level. Level “6” is the interrupt level 
which has the highest priority among maskable interrupts. 


(1) 


14 


HDMA Operation 


When the interrupt is generated in the interrupt request 
source set by HDMA start vector resistors, the inter- 
rupt controller sends the HDMA request to the CPU in 
level “6” irrelevant to the set interrupt level. 


The HDMA has four channels so that it can be set up 
for up to four types of interrupt Source. 


When an HDMA interrupt is accepted, data is auto- 
matically transferred from the transfer source address 
to the transfer destination address set in the control 
register, and the transfer counter is decremented. If the 
value in the counter after decrementing is not 0, 
HDMA processing is completed; if the value in the 
counter after decrementing is 0, the CPU notifies the 
interrupt controller of the HDMA transfer end interrupt 
(INTTCn), zero-clears the HDMA start vector register, 
disables re-start of the HDMA, and ends the HDMA 
processing. 


The priority of the HDMA transfer end interrupt gener- 
ated at this time is determined by its interrupt level and 
default priority, same as with other maskable inter- 
rupts. 

The priorities of HDMA requests generated simulta- 
neously in multiple channels are irrelevant to their input 
levels. The HDMA request which is generated in the 
channel with the small number has a higher priority. 
(CHO: highest priority; CH3: lowest priority). 

The 32-bit control registers are used for setting transfer 
source/destination addresses. However, the TLCS- 
900 has only 24 address pins for output. A 16M-byte 
space is available for the high-speed HDMA. There are 
two data transfer modes: one-byte mode and one- 
word mode. Incrementing, decrementing, and fixing 
the transfer source/destination address after transfer 
can be done in both modes. Therefore data can easily 
be transferred between I/O and memory and between 
I/Os. For details of transfer modes, see the description 
of transfer mode registers. 

The transfer counter has 16 bits, so up to 65536 trans- 
fers (the maximum when the initial value of the transfer 
counter is OOOOH) can be performed for one interrupt 
source by high-speed DMA processing. 

Interrupt sources processed by HDMA processing are 
those with the high-speed HDMA start vectors listed in 
Table 3.3 (1). 
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(2) Register Configuration (CPU Control Register) 


ChannelO 


Channel1 


Channel2 


Channel3 


|<-8 bit 


<——— 16 bit——> 


<—__—__—_—-32 bit ___—__— 


Transfer source address register 0 
Transfer destination address register 0 
Transfer counter register 0 


Transfer mode register 0 


Transfer source address register 1 
Transfer destination address register 1 
Transfer counter register 1 


Transfer mode register 1 


Transfer source address register 2 
Transfer destination address register 2 
Transfer counter register 2 


Transfer mode register 2 


Transfer source address register 3 
Transfer destination address register 3 
Transfer counter register 3 


Transfer mode register 3 


These Control Registers cannot be set only “LCD cr, r” instruction. 


]tvse only lower 24 bits.) 


(1 to 65536) 
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(3) 


Transfer Mode Register Details 


(DMAM0 to 3) 


ZZ: 0 = byte transfer, 1 = word transfer, 
2 = 4-byte transfer, 3 = reservation 


Transfer destination address INC mode .... 
(DMADn +) — (DMASn) 
DMACn<DMACn —- 1 

if DMACn =0 then INTTC. 


for I/O to memory 


Note : When setting values for this 
register, set the upper 3 bits to 0. 


execution time 
(Min.at 25 MHz) 


@ Byte / word transfer 
12 states (960 ns) 
@ 4-byte transfer 


Transfer destination address DEC mode 
(DMADn - ) — (DMASn) 
DMACn<DMACn - 1 

if DMACn = 0 then INTTC. 

Transfer source address INC mode 
(DMADn) — (DMASn +) 
DMACn#DMACn - 1 

if DMACn =0 then INTTC. 


for I/O to memory 


for memory to I/O 


8 states (640 ns) 
@ Byte / word transfer 
12 states (960 ns) 
@ 4-byte transfer 
8 states (640 ns) 
@ Byte / word transfer 
12 states (960 ns) 
@ 4-byte transfer 


Transfer source address DEC mode 
(DMADn) — (DMASn - ) 
DMACn<#DMACn - 1 

if DMACn = 0 then INTTC. 


for memory to I/O 


8 states (640 ns) 
@ Byte / word transfer 
12 states (960 ns) 
@ 4-byte transfer 


Fixed address mode ... 
(DMADn) <— (DMASn) 
DMACneDMACn - 1 

if DMACn =0 then INTTC. 


1/0 to I/O 8 states (640 ns) 
@ Byte / word transfer 
12 states (960 ns) 


@ 4-byte transfer 


Counter Mode ©... eee 
DMASn<DMASn + 1 
DMACn<#DMACn - 1 

if DMACn =0 then INTTC. 


for interrupt counter 


5 states 


(400 ns) 


Note: 


n: corresponds to ~HDMA channels 0 to 3. 


(1 states = 80 ns at 25 MHz) 


DMADn+/DMASn + : Post-increment (Increments register value after transfer.) 
DMADn —/ DMASn - : Post-decrement (Decrement register value after transfer.) 
“V/O” means the fixed address, “memory” means the increased or decreased address in this 


table. 


Do not use undefined codes for transfer mode control. 


16 


TOSHIBA CORPORATION 


3.3.3. Interrupt Controller 


Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The 
left half of the diagram shows the interrupt controller; the right 
half includes the CPU interrupt request signal circuit and the 
HALT release signal circuit. 

Each interrupt channel (total of 24 channels) in the inter- 
rupt controller has an interrupt request flip-flop, interrupt prior- 
ity setting register, and a register for storing the high-speed 
micro DMA start vector. The interrupt request flip-flop is used 
to latch interrupt requests from peripheral devices. The flip-flop 
is cleared to O at reset, when the CPU reads the interrupt 
channel vector after the acceptance of interrupt, or when the 
CPU executes an instruction that clears the interrupt of that 
channel (writes O in the clear bit of the interrupt priority setting 
register). 

For example, to clear the INTO interrupt request, set the 
register after the DI instruction as follows. 


INTEOAD<---- 0 --- Zero-clears the INTO Flip-Flop. 


The status of the interrupt request flip-flop is detected by 
reading the clear bit. Detects whether there is an interrupt 
request for an interrupt channel. 

The interrupt priority can be set by writing the priority in 
the interrupt priority setting register (e.g., INTEOAD, INTE45, 
etc.) provided for each interrupt source. Interrupt levels to be 
set are from 1 to 6. Writing O or 7 as the interrupt priority dis- 
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ables the corresponding interrupt request. The priority of the 
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed 
to 7. If interrupt requests with the same interrupt level are gen- 
erated simultaneously, interrupts are accepted in accordance 
with the default priority (the smaller the vector value, the higher 
the priority). 

The interrupt controller sends the interrupt request with 
the highest priority among the simultaneous interrupts and its 
vector address to the CPU. The CPU compares the priority 
value <IFF2 to O> set in the Status Register by the interrupt 
request signal with the priority value sent; if the latter is higher, 
the interrupt is accepted. Then the CPU sets a value higher 
than the priority value by 1 in the CPU SR <IFF2 to O>. Inter- 
rupt requests where the priority value equals or is higher than 
the set value are accepted simultaneously during the previous 
interrupt routine. When interrupt processing is completed (after 
execution of the RET] instruction), the CPU restores the priority 
value saved in the stack before the interrupt was generated to 
the CPU SR <IFF2 to O>. 

The interrupt controller also has four registers used to 
store the HDMA start vector. These are I/O registers; unlike 
other HDMA registers (DMAS, DMAD, DMAM, and DMAC), 
they can be accessed in either normal or system mode. Writing 
the start vector of the interrupt source for the HDMA processing 
(see Table 3.3 (1)), enables the corresponding interrupt to be 
processed by micro HDMA processing. The values must be set 
in the HDMA parameter registers (e.g., DMAS and DMAD) prior 
to the micro HDMA processing. 
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NMI 


INTWO 


INTO 


INTS 
INTS 
INT6 
INT7 
INTTO 
INTT1 
INTT2 
INTT3 


INTTR7 
INTRXO 
INTTXO 
INTRX1 
INTTX1 
INTAD 

INTTCO 
INTTC) 

INTTC2 
INTTC3 


Interrupt controller 


pa} 5 Q => DOn+3 


>> 
i<|< 
nh 
b> 
B/E 
baba 


too 
INTTR4 >| 
INTTRS ——— 
INTTR6 —]—| 


CPU 


Interrupt request flip flop 
1 
$18 r 
Reset ) > R 
Interrupi 
Vector V read V=20H | 
* V=24H bey 


interrupt request 
Priority setting resister Decorde Priority encoder signal to CPU 
on —> le test 
Dn+1—>|D Q [> ER 1 
ie_ax = 7 rlighet Al 
pn+2—>| CLR By 


priority B r\ 3 INTRQ2toO 


Interrupt | / interrupt vecto 
Interrupt level select 


request F/F 


6 


4 


Reset 

Be R Interrupt request flip flop read 
Interrupt request clear On+3 
Interrupt accept 
HOMA accept 

Interrupt 

2CH vector 
generation 


> 
< 
“ 
iS 
x 


> 
< 
D 

ir 


> 
i< 
" 
b 
Fa 


+ 
< 
a 
> 
x 


+}4|4 
<< )< 
nie ie 
, 
Ble 
ix jx jx 


> 
0 
ba 


+> 
< 
f 

in 
io 
x= 


> 
< 
" 

in 
> 
x= 


> 
i< 
O 
ln 
ico 
x 


>|>|+ 
i< 
” 
Ny 
io 
ix 


+> 
i< 
a 
je 
xr 


> 
i” 
rr 


HDMA start vector setting register 4input OR 


i) 

1 ef 2 
j ; : 

3 


HDMA channel 
priority encoder 


INTTCO 


Interrupt enable 
flag on CPU side Reset 


IFF2toO 


Interrupt 
level Interrupt request 
dilect signal 


(if INTRQ2 to 02 IFF2 to Othen 1.) 


During 


HALT release 


HDMA 


HDMA request 
enable dilect a 


(if 1S IFFF2 to 0s 6 then 1) 


2 HDMA 
channel specification 


Figure 3.3.3 (1). Block Diagram of Interrupt Controller 
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(1) Interrupt Priority Setting Register 
6 


INTEOAD 


INTE45 


INTE67 


INTETO1 


INTET23 


INTET45 


INTET67 


INTESO 


INTES1 


INTETCO1 


INTETC23 


0070H 


0077H 


0078H 


IxxM1 


sooo 


2 5: 4 ee ae ee ee) 
oC : 10M2 : 10M1 : 1O0MO 
RW_: w RW Ww 


7 oe) oO : 0 : 0 : 0 
lac; 14M2_i i4M1_: 14mo 


7: 7M2_: 17M1: I7MO | (6c: I6M2 : l6M1_: I6MO 


0 : 0 ‘ 


0 z 0 0 : 0 : 0 : 0 
INTT1 (Timer 1 INTTO (Timer 0 


IT1C =: ITIM2 : ITIM1 : ITIMO ITOC : ITOM2 : ITOM1 : ITOMO 


a ee PO. 3-0 
INTT3 (Timer 3 INTT2 (Timer 2 
T3M2_ : IT3M1_ : IT3MO : IT2M2_ : IT2M1_ : IT2MO 


TSM2 : ITSM1 : ITSMO : IT4M2_: IT4M1 : IT4MO 


T7M2 : IT7M1 : IT7MO | IT6C : IT6M2 : IT6M1 : IT6MO 


ITXOC_: ITXOM2 : ITXOM1 : ITXOMO |_IRXOC_: IRXOM2 : IRXOM1 : IRXOMO 


RW _ 
o : o : 0 : Oo oO : 0 : 0 : Oo 
ITX1C 1TX1M2 :1TX1M1 : ITX1MO} IRX1C = IRX1M2 : IRX1M1 :IRX1MO 


0 : 0 on!) : 0 0 : 0 : 0 : 0 
0 i: 0 : 0 : 0 0 : 0 ? 0 : 0 


[hxMO_ [| ___——~‘Function(Write) 

Prohibits interrupt request. 

Sets interrupt request level to "1". 
Sets interrupt request level to “2”. 
Sets interrupt request level to "3". 
Sets interrupt request level to "4". 
Sets interrupt request level to “5”. 
Sets interrupt request level to “6”. 
Prohibits interrupt request. 


Function (Read) Function (Write) 


Indicates no interrupt request. Clears interrupt request flag. 


Indicates interrupt request. Don't care 


Interrupt source 


<bit Symbol 


<Read / Write 


<After reset 


TMP95C061 
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(2) External Interrupt Control 


ee SE ET Fae ee a 


Mc [bit Symbol | “| | foie tone | nine | 
sedi) (an a (NS FS TF a es 


After reset 


accepted 
in NMI 

rising 
edge. 


Function 


Read-modify-write is 
prohibited. 


INTO input enable (Note) NMI rising edge enable 


| 0 | INTO disable (P87 function only) 


1 | Input enable 


Interrupt request generation at 
falling edge 


Interrupt request generation at rising 


Note: The INTO pin can also be used for standby release as described later. / falling edge 


Even if the pin is not used for standby release, setting this register to 
“OQ” maintains the port function during standby mode. 
INTO level enable 


Setting of External Interrupt Pin Functions 


“\ Fallingedge | IIMC<NMIREE> =0 
4 Falling and rising | i iccNMIREE> = 1 
f{—  Risingedge _|IIMC<IOLE> =0, <IOIE> = 1 
INTO PB7 
I7*U tevel IIMC<IOLE> = 1, <IOIE> = 1 
INT4 


f- 


“\_ Falling edge 
INT6 


T4MOC<CAP12M1,0> = 0,0 0r0,1 or 1,1 
T4MOD<CAP12M1, 0> = 1,0 


Rising edge 


_f- Rising edge 
f- 
WL Fallingedge | TSMOD<CAP34M1, 0> = 1,0 


pas | f fisingedoe | 


Rising edge TSMOC<CAP34M1,0> = 0,0 0r0,1 or 1,1 
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(8) | HDMA Start Vector 


Register used to assign HDMA processing to an inter- 
rupt source. The interrupt source whose HDMA start 
vector matches the vector value set in this register is 
assigned as the HDMA start source. 

When the HMDA transfer counter value reaches O, the 
controller is notified of the HDMA transfer end interrupt 
corresponding to the channel, the HDMA start vector is 
cleared, and the HDMA start source of the channel is 
also cleared. To continue the HDMA processing, the 
HDMA start vector register must be set again within 


DMAOV 
(007CH) 


HDMAO Start Vector 
Se Ea ae ee ae 
on eel 
reouwire] is 
a ee ee 


DMAOV8 | DMAOV7 | DMAOV6 | DMAOVS | DMAOV4 


4] 


he HDMA transfer end interrupt processing. 

If the same vector is set in the HDMA start vector regis- 
ters of the multiple channels, the interrupt generated in 
he channel with the smaller number has a higher prior- 
ity. 


+ 


Thus, if the same vector is set in the HDMA start vector 


registers of two channels, the interrupt generated in 
the channel with the smaller number is processed until 
the HDMA transfer end. If a HDMA start vector is not 
set, then the HDMA processing is started for the chan- 
nel with the larger number is processed. 


(read-modify-write is not possible.) 


DMA1V 
(007DH) 


eS ee a 
bit Symbol — —— DMAIV8 ; DMAIV7 | DMAIV6 | DMAIVS : DMAIV4 
i ae a a ea 


DMA2V 
(007EH) 


After reset 


DMA3V 
(007FH) 


bit a 
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| pmaava : DMA3V7 ; DMA3V6 : DMA3V5 


: DMA2V6 | DMA2V5 : DMA2V4 


: DMA3V4 
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(4) 


Notes request flag while reading the interrupt vector after 
accepting the interrupt. If so, the CPU would read the 
default vector “OO028H” and start the interrupt process- 


The instruction execution unit and the bus interface ; 
ing from the address “FFFF28H”. 


unit of this CPU operate independently of each other. 


Therefore, if the instruction used to clear an interrupt To avoid this, make sure that the instruction used to 
request flag of an interrupt is fetched before the inter- clear the interrupt request flag comes after the DI 
rupt is generated, it is possible that the CPU might instruction, 


execute the fetched instruction to clear the interrupt 


INTO Level mode IF INTO is not an edge-based interrupt, the function of Interrupt Request 
Flip-flop is canceled. Therefore the interrupt request signal must be held 
until the interrupt request is acknowledged by the CPU. A change in the 
mode (edge to level) automatically clears the interrupt request flag. 

When the CPU has been ae in the interrupt response ss with INTO. 


changing “1% back to “0".) : 

When switching from the level meds to the edu & mode, ‘the in rrupt 
request flag set in the level mode is not cleared; therefore, 
following oe to clear the iver ups equss Jeo. 


LD (007BH), 00H: switch from level to edge 
LD. (0070H), OOH: Clear interrupt ~~ flag 
El 


INTAD level mode The Interrupt Request Flip-flop can be deavga only ey resetting or reading 
the register that stores A/D conversion value, and cannot be cleared by an 
instruction. 


INTRX level mode The Interrupt Request Flip-flop is cleared only by resetting or reading the 
serial channel receiving buffer, and not by an instruction. 
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3.4 Standby Controller 


When the “HALT” instruction is executed, the operating mode 
changes RUN, IDLE, or STOP mode depending on the con- 
tents of the HALT mode setting register WOMOD <HALTM 1 : 
O>. 


(1) | RUN : Only the CPU halts; power consumption 
remains unchanged. 
(2) IDLE : Only the built-in oscillator operates, while all 


other built-in circuits stop. The power con- 
sumption is reduced to 1/10 or less than that 
during NORMAL operation. 


Address ; 
8203H LD (IIMC), 04H 
8206H LD (INTEOAD), 06H 
8209H El 5 
820BH LD (WDMOD), 00H 
820EH HALT. 

INTO Sf \ 
820FH 


When the halt state is released by a reset, the status in 
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(8) STOP: All internal circuits including the built-in oscilla- 
tor stop. This greatly reduces power con- 
sumption. 


The HALT release depends on these three modes. For 
details, see “Table 3.4 (2)”. (Note: The HALT state cannot be 
released by HDMA start.) 

(Example releasing “RUN” mode) 

INTO interrupt releases HALT state when the RUN mode 
is on. 


; sets input to enable for INTO 

; sets interrupt level to ‘6’ for INTO 
; sets interrupt level to ‘5’ for CPU 
; sets HALT mode to ‘RUN’ 

; halts CPU 


INTO Interrupt routine 


LD XX, XX RETI 


effect before entering the halt status is hold. 
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(1) | RUN Mode 


Figure 3.4.1 shows the timing fro releasing the HALT 
state by interrupts in the RUN mode. 

In the RUN mode, the system clock in the MCU contin- 
ues to operate even after a HALT instruction is exe- 


INTO, 4, 5, 6,7 
(rising edge) 
INT4, 6 
(falling edge) 


Internal INT 


| 


cuted. Only the CPU stops executing the instruction. 
Until the HALT state is released, the CPU repeats 
dummy cycles. In the HALT state, an interrupt request 
is sampled with the rising edge of the “CLK” signal. 
The external interrupts (INT4, 5, 6, 7) releases only 
RUN mode. 


Interrupt Acknowledge 


HALT instruction execution sequence sequence 


Figure 3.4.1. Timing Chart for Releasing the HALT State by Interrupt in RUN Modes 
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(2) IDLE Mode 


Figure 3.4.2 illustrates the timing for releasing the HALT 
state by interrupts in the IDLE mode. 

In the IDLE mode, only their internal oscillator oper- 
ates. The system clock in the MCU stops, and the 
CLK pin is fixed at the “1” level. 


INTO 
(rising edge) 


TMP95C061 


In the HALT state, an interrupt request is sampled 
asynchronously with the system clock, however, the 
HALT release (restart of operation) is performed syn- 
chronously with it. 

The interrupts except NMI and INTO is disable during 
this mode. 


Interrupt Acknowledge 


HALT instruction execution sequence sequence 


Figure 3.4.2. Timing Chart for Releasing the HALT State by Interrupts in RUN Mode 
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(3) 


26 


STOP Mode 


Figure 3.4.3 is a timing chart fro releasing the HALT 
state by interrupts in the STOP mode. 

The STOP mode is selected to stop all internal circuits 
including the internal oscillator. In this mode, all pins 
except special ones are put in the high-impedance 
state, independent of the internal operation of the 
MCU. Note, however, that the pre-halt state (the status 
prior to execution of HALT instruction) of all output pins 
can be retained by setting the internal I/O register 


INTO 
(level) 


INTO 
(rising edge) 


HALT instruction execution sequence 


WDMOD <DRVE> to “1”. The content of this register is 
initialized to “O” by resetting. 

When the CPU accepts an interrupt request, the inter- 
nal oscillator is restarted immediately. However, to get 
the stabilized oscillation, the system clock starts its 
output after the time set by the warming up counter 
WDMOD <WARM>. A warming up time of either the 
clock oscillation time x 2'* or 2'© can be set by setting 
this bit to either “O” or “1”. This bit is initialized to “O” by 
resetting. 


Warming up 
time 


Interrupt Acknowledge 
sequence 


Figure 3.4.3. Timing Chart for Released by Interrupt in STOP Mode 


Only either the NMI, INTO, or RESET can release the 
STOP mode. 

When the STOP is released by the except RESET, the 
system clock is started outputting after warming up 
time to get the stabilized oscillation. 

When the STOP mode is released by RESET, it is nec- 
essary to keep the RESET signal at “O” long enough to 


release to get the stabilized oscillation because the 
warming up counter is ignored. 

The warming up counter operates when the STOP 
mode is released even the system which is used as an 
external oscillator. As a result, it takes warming up time 
from inputting the releasing request to outputting the 
system clock. 
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Table 3.4 (1) Pin States in STOP Mode 


DRVE=O_| _DRVEST 


HI-Z* 


P10 to P17 (D8 to D15) Input mode (P10 to P17) 


Output mode (P10 to P17) Output 
1/0 (D8 to D15) HI-2* 


RO, WA 


P52 to P55 Input mode Pu* 
Pu* Output 


(WR, BUSRQ, BUSAK, RW) Output mode 
P60 to P65 (CS, RAS, CAS, REFOUT) Output 


U 

P70 to P77 (PGOO to PG13) Input mode PU* U 
Output mode PUu* Output 

U 

U 


PUA 

PUA 

P80 to P85 (TXD, RXD, SCLK, CTS) Input mode Pu* PUA 
Output mode Pu* Output 

P90 to P93 (ANO to AN3) Input (PORT) invalid invalid 
Input (ANO to AN3) © 

PAO (WAIT) Input mode PU* PUA 
Output mode Pu* Output 

P PUA 

PBO to PB6 (TI4 to 7, TO4 to 6, INT4 to 7) | Input mode Pu* PUA 
Output mode PUu* Output 

PB7 (INTO) Input mode PUA PUA 
Output mode PUA Output 


K 


© 
PA1 to PA3 (TIO, TO1, TO3) Input mode PU* U 
Output mode PU* Output 
U 
U 


N 
EA Input © 
xX Input invalid 
a trip aa 


Output: Output state before HALT state. 


PU Programmable pull-up pin. 

* : Input gate disable state. No through current even if the pin is set to high impedance. 

A Fix the pin to avoid through current since the input gate operates when the pin is at high 
impedance. 

© : need to be driven externally. 

valid :  Inputis valid. 

invalid : Inputisinvalid. No through current since input gate is disable. 
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Table 3.4 (2) I/O Operation and Cancel During Halt Mode 


8 bit Timer 
8 bit PWM Timer 
Operation | 16 bit Timer 

bars Pattern Generator 
Serial Interface 
A/D Converter 
Watch Dog Timer 
DRAM Controller 


Interrupt Controller 


Interrupt mask, 
request level 


Halt mode 


release 
sources 


RUN 


Stopped 


VMAs 33° | 


Interrupt request level 


Interrupt mask ( IFF2 to 0 ) 


Interrupt request level*2 


<Interrupt mask ( IFF2to0 ) 


© : Interrupt processing is processed after releasing HALT state. (Reset initializes LSI.) 

O : | Start excuting an instruction that follows the HALT instruction after releasing HALT state. 
x : Cannot be used for halt release. 

*1 : Release HALT state after the warming up time. 

*2.: The Dl instruction operates in the same way. 


28 


TOSHIBA CORPORATION 


TMP95C061 


3.5 Functions of Ports These ports are also used for internal CPU and I/O. Table 


The TMP95C061 has a total of 56 bits when the AM8/16 pinis 3-9 lists port pin functions. 
set to 1; a total of 48 bits when the AM8/16 pin is set to 0. 


(R: T= With programmable pull-up resistor 
{ = With programmable pull-down) 


Table 3.5 Functions of Ports 


Port Name Pin Name al uf Direction R Direction Setting Unit Pin Name for Built-in Function 
Portt P10 to P17 8 1/0 - Bit D8 to D15 
Port2 P20 to P27 8 Output 7 (Fixed) A16 to A23 
Port5 P50 | 1/0 tT Bit AHWR 

P53 1 /0 tT Bit BUSRQ 
P54 1 1/0 tT Bit BUSAK 
P55 1 1/0 T Bit RW 
Port6 P60 | Output = (Fixed) CSO 
P61 1 Output 7 (Fixed) CST 
P62 | Output - (Fixed) CS2 
P63 | Output - (Fixed) CS3/CA 
P64 1 Output - (Fixed) RA 
P65 1 Output = (Fixed) REFOUT 
Port7 P70 to P77 8 1/0 tT Bit PG00 to PG03, 
PG10 to PG13 
Port8 P80 { 1/0 tT Bit TXDO 
P81 { 1/0 tT Bit RXDO 
P82 1 1/0 tT Bit CTSO/SCLKO 
P83 { 1/0 tT Bit TCD1 
P84 | 1/0 tT Bit RXD1 
P85 { 1/0 tT Bit SCLK1 
Port9 P90 to P93 4 Input 2 (Fixed) ANO to AN3 
PortA PAO { 1/0 tT Bit WAIT 
PA 1 1/0 tT Bit TIO 
PA2 1 1/0 tT Bit T01 
PA3 { 1/0 tT Bit T03 
PortB PBO { 1/0 tT Bit TI4/INT4 
PBI 1 1/0 tT Bit TI5/INT5 
PB2 | 1/0 tT Bit T04 
PB3 { 1/0 tT Bit T05 
PB4 1 1/0 tT Bit TI6/INT6 
PB5 1 /0 tT Bit TI7/INT7 
PB6 | 1/0 tT Bit T06 
PB7 { 1/0 tT Bit INTO 
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3.5.1 Port 1 (P10 - P17) In addition to functioning as a general purpose |/O port, 
Port 1 is an 8-bit general-purpose I/O port. /O canbe setona Port 1 also functions as an address data bus (D8 to 15). 

bit basis using control register P1CR. Resetting resets all bits Port 1 always functions as a data bus (D8 to 15) (AM8/16 
of output latch P1 and control register P1CR to O and sets Port = “0’). 


1 to input mode. 


Reset 


Direction control 
(on bit basis) 


A 
P1ICR write 


bus 


data 


{_] Port 1 


P10 to P17 
(D8 to D15) 


Internal 


P1 read 


Figure 3.5 (1). Port 1 
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PI PI7, «| PIG} OPIS. | PIA; PIB; PLZ. | PHY? PHO 
(OO eeawie) 
Port 1 Control Register 
>a ee ae 
PICR PI7c =; PIEC : PISC ; PIaC : PI3C : PIZC : PIIC : PtOC 


(0006freawre] CS 


WwW 


Function 


Read-modify-write is 
prohibited for registers P1CR. 


bus (D15 to 8) 
Output port 


Note: <P1XC> isbitXin register P1CR. 


Figure 3.5 (2). Registers for Port 1 
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3.5.2 Port 2 (P20 to P27) 
Port 2 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis using the control register P2FC. Resetting resets all 
bits of output latch P2 and function register P2FC. Resetting 
also sets P2 to input mode. 


= 


Function 
control 
(on bit basis) 


bus 


P2FC write 


data 


P2 write 


Internal 


r 


Internal Address bus 


With the TMP95C061, which has no internal ROM, all 
bits of P2FC are set to “1” and operate A23 to A16 after reset 
input. 


Port2 
P20 to P27 


Output buffer (A16 to A23) 


Selector 


P2 read 


Figure 3.5 (3). Port 2 
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a 
Ca 


bit Symbol 


(Output latch register is set to “1") 


P26F P25F P24F P23F P22F P21F P20F 


i ease eae 
0: Port, 1: Address bus (A23 to A16) 


Read-modify-write is prohibited for registers and P2FC. 


Figure 3.5 (4). Registers for Port 2 
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3.5.3 Port 5 (P52 to P55) 

Port 5 is a 4-bit general-purpose I/O port. I/O can be set on bit 
basis using control register PSCR and the function register 
P5FC. Resetting does the following: 


Reset 


Direction 
control 
(on bit basis) 


s 


i 
PSCR write 


a 
2 

Function 
9 control 
24 (on bit basis) 
ms t 
mo] 

P5FC write 
© i 
c s 
ba Vv 
o x 
aad vu 
c wn 

a 


Resets all the bits of the output latch, the control register 
P5CR and the function register PSFC to “O” and sets each port 


input mode with pull-up resistors. 


[_] p52(HWR) 
P54(BUSAK) 
P55(R/W) 


PortS read 


Figure 3.5 (5). Port5 (P50, P51, P52, P54, P55) 
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P-ch (Programmable pull-up 


TMP95C061 


Direction 
Control 
(on bit basis) 


4 
PSCR write 


bus 


Function 
Control 
(on bit basis) 


data 


P5FC write P-ch (Programmable pull-up) 


{_] P53 (BUSRQ) 


Internal 


Internal Port5 read 


BUSRQ 


Figure 3.5 (6). Port5 (P53) 


TOSHIBA CORPORATION 


35 


TMP95C061 


Port5 Register 


need 


P5CR 

(070 
atarveat | 

P5FC 

(00114 


Read-modify-write is 
prohibited for registers 
PSCR, PSPC 


ere [a 


RD setting 


Port5 Control register the internal address area. 


P55C P54c P53C «2; PS2C 


4 


PSRAM mode 


Resetting to0 outputs RD 
strobe even when accessing 


PS4F PS3F PS2F 


:0:PORT :0:PORT :0:PORT '0:PORT 
i1:RAV :1: BUSAK :1: BUSRQ :1: HWR 


BUSRQ setting 


P5FC <P53F> | 1 | 
PSCR <P53C> | 0 | 


BUSAK setting 


PSFC <P54F> 
P5CR <P54C> 


___» R/W setting 


PSFC <PSSF> 
PSCR <P55C> 


Figure 3.5 (7). Registers for Port5 


HWR setting 


PSFC <PS52F> 
P5CR <P52C> 
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3.5.4 Port6 (P60 to P65) 


Port 6 is a 6-bit general-purpose output port. Resetting sets 
each output latch P62 = “0”, P60, P61, P63 to P65 = “1”. 


Function 
Control 
(on bit basis) 


bus 


TMP95C061 


Functions can be selected using P6FC and provided chip 
select and DRAM control functions (CSO to 3, CAS, RAS and 
REFOUT). After resetting, each port operates as output port. 


oO 
sad P6FC write 
oO 
me] 
= ° P60 (CSO) 
= oO L P61 (CS1) 
c r @ Output buffer P63 (CS3/LCAS) 
- P6 write w P64 (RAS) 
ae if P65 (REFOUT) 
Cc 
w“ 
= Function 

Control 
o (on bit basis) 
+ 4 
© P6FC write 
a) Ss 

|_| P62 (CS2) 


Output buffer 


Selector 


Internal 


P6 read 


Figure 3.5 (8). Port6 
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Port 6 Register 


le | 
ro [asm 


= 


(00124 Freoane 


pe | 


P62F 


(00151) rena 


After reset 


Function 


Read-modify-write is 
prohibited for registers 
P6FC 


Note: The function of P63 (CS3 / CAS) is selected using B3CS register. 


Figure 3.5 (9). Register for Port 6 
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0 | Port (P60) 
1 | CSO 
0 | Port (P61) 
[1 [est 
[o [renee id 
Pes 
| 0 | Port (P63) 
| 1 [33/ CAS 
To ronwes ‘| 
[i [ras 
0 | Port (P65) 
1 | REFOUT 
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3.5.5 Port7 (P70 to P77) 

Port 7 is an 8-bit general-purpose I/O port. I/O can be set ona 
bit basis. Resetting sets Port 7 as an input port and connects 
a pull-up resistor. It also sets all bits of the output latch to 1. In 
addition to functioning as a general-purpose |/O port, Port 7 


Reset 


Direction 
Control 
on bit basi 
P7CR write 
Function 
Control 


on bit basi 


S 


bu 


P7FC write 


Output 
latch 
4 


PGO, 1 


data 


Internal 


P7 read 


TMP95C061 


also functions as a pattern-generator PGO/PG1 output. PGO is 
assigned to P70 to P73; PG1, to P74 to P77. Writing in the 
corresponding bit of port 7 control register (P7CR) and func- 
tion register (P7FC) enables PG output. Resetting resets the 
function register P7FC value to O, and sets all bits to ports. 


P-ch 


(Programmable pull-up) 


A Ss 


Port7 
(PGOO to PG13) 


Selector 


B 


s 
B 


Selector 
A 


Figure 3.5 (10). Port 7 


TOSHIBA CORPORATION 


39 


TMP95C061 


P7 


(0013H) 


P7CR 
(0016H) 


P7FC 
(0017H) 


After reset 


= 


After reset 


Port 7 Register 


P77,—«—iCwPTGSC~“C‘ié«é S:SCSCtCPTHSCSSSCéPTB'séTDS|sCéPTL;PTO 
pha tare He Ge et gr Ue ga eee ae tS 


Port 7 Control Register 


5 : 4 


P7EC =. «~PTSC «=: «PTAC «=: «~P73C «= «OP72C_~=|CéPTIC=:—«~PTOC 


00-3: 0 


0 : 0 : 0 : 0 : 0 
O:IN 1: OUT 


Function 


Read-modify-write is 
prohibited for registers 
P7CR and P7FC 


Port 7 Function Register 


5 4 : 3 


P76F 


P7SF 


P74F P73F P72F 


Port 7 I/O setting 


Pi oust 


P71F P70F 


0: PORT 1: PG1-OUT 


0: PORT 


Port 


Figure 3.5 (11). Register for Port 7 


1 | Stepping motor control / 
Pattern generation port 


1: PGO-OUT 


7 Function setting 


General-purpose port 
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3.5.6 Port 8 (P80 - P85) 

Port 8 is a 6-bit general-purpose I/O port, also used as an ana- 
log input pin. I/O can be set on a bit basis. Resetting sets Port 
8 as an input port and connects a pull-up resistor. It also sets 
all bits of the output latch register P8 to 1. In addition to func- 
tioning as a general-purpose I/O port, Port 8 also functions as 
an I/O for serial channel 1, 0. Writing “1” in the corresponding 
bit of Port 8 function register enables those functions. Reset- 
ting resets the function register value to “O”, and sets all bits to 
ports. 


Reset 


Direction 
Control 
n bit basi 
A 
iy P8CR write 
a 
2 
Function 
0 ‘>| control 
~ i i 
o 
vo P8FC write 
ae s 
S >| Output latch 
c A S$ 
7 Selector 
bat P8 write 
= TxD0, TxD1 ——-———> 8 
c 
SB 
| /# ~~ Selector 
P8 read A 


(1) 


TMP95C061 


Port 80, 83 (TXDO/TXD1) 


P80 and P88 also function as serial channel TXD out- 
put pins in addition to I/O ports. They have program- 
mable open drain function. 


P-ch 


(Programmable pull-up) 


P80 (TXDO) 
P83 (TXD1) 


Open drain 
possible 
ODE<ODE1,0> 


Figure 3.5 (12). Port 80, 83 
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(2) Port 81, 84 (RXDO, 1) 


input pins for serial channels. 


P81 and P84 are I/O ports, and also used as RXD 


(8) — Port 82 (CTSO/SCLKO) 


Reset 


i Direction 


Control 


on bit ba 


bus 


P-ch 


P8CR write 


Ss 
Output latch 


P8 write 


(Programmable pull-up) 


data 


{_] P81 (RXDO) 
P84 (RXD1) 


SB 


Selector 


P8 read A 


Internal 


RxDO, RxD1 


Figure 3.5 (13). Port 81, 84 


as a SCLKO I/O pin for serial channels. 


P92 is an I/O port, and also used as a CTS input pin or 
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Ri 


set 


Direction 
control | 
(on bit basis) 
A 
P8CR write 


bus 


Function 
control | 
(on bit basis) 


I 
P8FC write P-ch 


data 


(Programmable pull-up) 


Ss 
Output latch 


A Ss 


Selector 


P8 write 
SCLKO OUT —>———————> | 8 


Internal 


Selector 


A 


Figure 3.5 (14). Port 82 
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P82 (CTSO/SCLKO) 


TMP95C061 


(4) Port 85 (SCLK1) 


SCLK1 I/O pin for serial channel 1. 


P85 is a general-purpose |/O port. It is also used as a 


bus 


data 


Internal 


Direction 
control 


A 
P8CR write 


Function 
control 


P8FC write 


s 


P8 write 


Se Selector 


P8& read 
SCLK1 IN 


(on bit basis) 


(on bit basis) 


Output latch 


SCLK1 OUT ——————— 


fleii+yxlA S 


Selector 


A 


Figure 3.5 (15). Port 85 


P-ch 


(Programmable pull-up) 


P85 (SCLK1) 
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Port 8 Register 


P8 
(0018H) 
Read/Write 
P8CR | bit symbol : pgac =: pB3C : ~PB2C 
(001AH) ; : : 
Read/Write 
After reset : H : ; i : : 
re pe eee ee 
[o [input 
[fount | 
Port 8 Function Register 
ee ee 
Perc. [asm | Sesh 
1 


Read/Write 


After reset 


Function 10:PORT !0:PORT '0:PORT | 
i1:SCLK1 : i1:TxD1 :1:SCLKO : 


P80 TxDO output setting (Note) 


P8FC <P80F> | 1 | 
P8CR <P80C> 1 


P82 SCLKO output setting 


P8FC <P82F> 1 
P8CR <P82C> 1 


P85 SCLK1 output setting P83 TxD1 output setting (Note) 


P8FC <P85F> | 1 | P8FC <P83F> 1 
P8CR <P85C> 1 P8CR <P83C> 1 


Note: To set the TxD pin to open drain, write ‘1’ in bit 0 (for TxDO pin) or bit 1 (for TxD1 pin) of the 
ODE register. 
P81/RXDO, P84/RXD1 pins do not have a register changing PORT / FUNCTION. 
Therefore this is the same as P70/ TIO pin. 


Figure 3.5 (16). Register for Port 8 
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3.5.7 Port 9 (P90 to P93) 


for the internal A/D Converter. 
Port 9 is a 4-bit input I/O port, also used as analog input pins 


bus 


{|_| Port9 


P90 to P93 


Port 9 read (ANO to AN3) 


data 


Conversion 
result 
register 


A/D 
Converter 


Channel 
selector 


Internal 


AD read 


Figure 3.5 (17). Port 9 


Port 9 REgister 
PQ : : 
roorgny bit Symbo! | ~~ 


After reset 


Input mode 


Figure 3.5 (18). Register for Port 9 


3.5.8 Port A (PAO to PA3) 


Port A is a 4-bit general-purpose I/O port. I/O can be set on a 
bit basis. Resetting sets Port 7 as an input port and connects 
a pull-up resistor. In addition to functioning as a general-pur- 
pose I/O port, Port AO also functions as wait input pin WAIT; 


Port Ai as an 8-bit timer input (TIO), Port A2 as a PWMO out- 
put (TO1), and Port A3 as a PWM1 output (TO3) pin. Writing 1 
in the corresponding bit of the Port A function register (PAFC) 
enables output of the timer. Resetting resets the function regis- 
ter PAFC value to O, and sets all bits to ports. 
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Direction 
Control | 
(on bit basis) 


P-ch 
(Programmable pull-up) 


PAO 
(WAIT) 


PACR write 


Internal 


Direction 
Control | 
(on bit basis) 


bus 


P-ch 
(Programmable pull-up) 


PACR write 


data 


PA1 
a (TIO) 


Selector 
A 


TIO 


Internal 


Direction 

Control. 

(on bit basis) 
A 


PACR write 


Function 
Control 
(on bit basis) 


PAFC write 
P-ch 
(Programmable pull-up) 


{ ]PA2, PA3 
(TO1, TO3) 


[> 


Timer F/F OUT 
TO1: Timer 1 
TO3 : Timer 3 


PA read 


Figure 3.5 (19). PortA 
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Port A Register 


ee | 
Pa 
(01EH asarrie 


: : : : Input mode (Pull-up) 
After reset 


Port A Control Register 


Ried) 


PACR PA2C | PAIC : PAOC 


(002+ psa 


After reset 


(=e Port A I/O setting 


0 [iret 


5 i 4 


oan 


:0:PORT 0: PORT 
Function : i : :1:TO3:1: TOT 


Read-modify-write is 
prohibited for registers Timeout 1 output setting 


PACR and PAF 
Chand PARC PAFC <PA2F> 1 
PACR <PA2C> | 1 | 


Timeout 3 output setting 


PAFC <PA3F> 1 


PACR <PA3C> 


Note: PA1/TIO pin does not have a register changing Port/ Function. For example. when it is used as 
an input port (PAL), the input signal for PA1 is inputted to 8 bit timer 0 as a timer input 0 (TI1). 


Figure 3.5 (20). Register for Port A 
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3.5.9 Port B (PBO to PB7) clocks, an output for 16-bit timer F/F 4, 5, and 6 output, and 


Port B is an 8-bit general-purpose I/O port. //O canbe setona — an input for INTO. Writing “1” in the corresponding bit of the 
bit basis. Resetting sets Port B as an input port and connects —_—~Port B function register (PB FC) enables those functions. 
a pull-up resistor. It also sets all bits of the output latch register Resetting resets the function register PBFC value to “O”, and 
PB to 1. In addition to functioning as a general-purpose I/O sets all bits to ports. 
port, Port B also functions as an input for 16-bit timer 4 and 5 

(1) PBO ~ PB6 


Reset 


Direction 
Control 
(on bit basis) 

A P-ch 
PBCR write 


(Programmable pull-up) 


S 
PBO (TI4/INT4) 
Lat (TIS /INT5) 


S$ B PB4 (TI6/ INT6) 
PB write PB5 (TI7/1INT7) 
Selector 


PB read A 


714, TIS 
TI6, TI7 Reset 


bus 


Direction 
Control 
(on bit basis) 


data 


A 
PBCR write 


Function 
control 
(on bit basis) 


PBFC write 


Ss 
re 
Output latch 


PB write 


internal 


P-ch 


(Programmable pull-up) 


AS 


Selector 


[_] PB2(TO4) 
PB3 (TOS) 
PB6 (TO6) 


Timer F/F OUT --~_—————_ > |B 


O04: Timer 4 
(t2s : Timer 4 ) B 
TO6 : Timer 5 
(<$$$$_$__________<}—_ Selector 


PB read 


s_A 


Figure 3.5 (21). Port B (PBO - PB6) 
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(2) PB7 (INTO) 


as an INTO pin for external interrupt request input. 


Port B7 is a general-purpose I/O port, and also used 


data 


bus? 


(internal 


Reset 


Direction 
Control 
(on bit basis) 


A 
PBCR write 


nr $ 
Output latch 


PB write 


P-ch 
(Programmable pull-up) 


PB7 (INTO) 


SB 


Selector 


A 


PB read 


level / edge 
INTO Interrupt 


IMC<IOIE> 


IIMC<IOLE> 


Figure 3.5 (22). Port B7 
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Port B Register 


PB bit Symbol 
(001FH) Read/Write 


After reset 


Port BControl Register 


ee 


bit Symbol| PB7C : PBEC | PBSC = PB4C : PB3C : PB2C : PBIC : PBOC 


fesawie] SCS 


WwW 


O:1N 1: OUT 


ennai Sana Port B I/O setting 


Port B Function Register 


PBFC 
(002FH) 


Read/Write 


After reset 


Function 


Read-modify-write is 
prohibited for registers 
PBCR and PBFC 


{0:PORT 0: PORT 
:1:TOS = 1: TO4 


PB2 Timerout 4 output setting 
PBFC <PB2F> 


frarceraar> [+ | 
[pacr <reac> [1 | 


PB6 Timerout 6 output setting 


PBFC <PB6F> | 1 | 
PBCR <PB6C> 


Note) PBO/TI4, PB1/TI5, PB4/TI6 and PB5/TI7 pins do not have a register changing Port / Function. 
Therefore this is the same as PA1/TI0 pin. 


When P87/INT0 pin is used as an INTO pin, set PBCR<PB7C> to “0” and IIMC <IOIE> to “1”. 


Figure 3.5 (23). Register for Port B 
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3.6 Chip Select/Wait Control, AM8/16 pin 


TMP96C061 has a built-in chip select/wait controller used to 
control chip select (CSO to CS8 pins), wait (WAIT pin), and 
data bus size (8 or 16 bits) for any of the three block address 
areas. 

Additionally, there is an AM8/16 pin which selects exter- 
nal data bus width for TMP95C061. 


3.6.1 Control Register 


Table 3.6 (1) shows control registers 

Each block address area is controlled by 1-byte CS/ 
WAIT control registers. Start address register (MSARO to 
MSAR&) and address mask register (MAMO to 3). 


Table 3.6 (1) Chip Select/Wait Control Register 


'0: 16 BIT 
11: 8BIT 


: 00: 2 WAIT 


01: 1 WAIT 
10: 1 WAIT +n 
11: 0 WAIT 


:0: 16 BIT 
:1: 8 BIT 


B1W1 : BIWO 


00: 2 WAIT 


01: 1 WAIT 


10: 1WAIT+n 
11: 0 WAIT 


B2W1 : B2WO 


Read/Write 
BOCS | After reset 
(0068H) 
Function 
bit Symbol 
Read/Write 
Bics 
(0069H) After reset 
Function 
bit Symbol 
Read/Write 
B2cs 
(006AH) After reset 
: : :1:B2CS 
Function : : : master : 
: i bit i 
Read/Write 
B3CS 
(een 


:0: 16 BIT 
:1: 8BIT 


00: 2 WAIT 
01: 1 WAIT 
10: 1 WAIT+n 
11: 0 WAIT 


0 


: : : :0:CS3 
Function : : : + output 
: : : £1:CAS 


: ' output : 


aisymbat [ 


:0: 16 BIT 
'1: 8 BIT 


WwW 


: BEXBUS : 


00: 2 WAIT 
01: 1 WAIT 
10: 1 WAIT+n 
11: 0 WAIT 


BEXW1 : BEXWO 
Ww 


BEXCS 
ie 


0 


o : 0 


'0: 16 BIT 
:1: 8BIT 


00: 2 WAIT 
01: 1 WAIT 
10: 1 WAIT +n 
11: 0 WAIT 
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(1) Enable (8) Wait control 
Bit 4 (BOE, B1E, B2E, and B3E) of control register Control register bits 1 and O (BOW1, 0; B1W1, 0; B2W1, 
BXCS is a master bit used to specify enable (1)/disable 0; B8W1, 0; BEXW1, 0) are used to specify the number 
(0) of the setting. of waits. Setting these bits to 00 inserts a 2-state wait 
Resetting sets BOE, B1E, and BSE to disable (0) and regardless of the WAIT pin status. Setting them to 01 
B2E to enable (1). inserts a 1-state wait regardless of the WAIT status. 
Setting them to 10 inserts a 1-state wait and samples 
(2) Data bus size select the WAIT pin status. If the pin is low, inserting the wait 
maintains the bus cycle until the pin goes high. Setting 
them to 11 completes the bus cycle without a wait 
Bit 2 (BOBUS, B1BUS, B2BUS, B3BUS, BEXBUS) of regardless of the WAIT pin status. 
the control register is used to specify data bus size. Resetting sets these bits to 00 (2-state wait mode). 
Setting this bit to O accesses the memory in 16-bit 
data bus mode; setting it to 1 accesses the memory in Note: In case of competition of accessing and refreshing to DRAM, 
8-bit data bus mode. = TMP95C061 automatically inserts refresh cycle in addition to set- 
This bit is effective only in 16 bit bus mode (AM8/16 = tled wait cycle. 
0). In 8-bit bus mode (AM8/16 = 1), this bit is negligible 
and all external memory areas are accessed in fixed 8 (4) | CS/CAS Waveform Select 
bit bus (See 3.1.2 External Data width selection pin 
(AM8/ : 6). Bit 3 of control register B3 is used to specify waveform 
Changing data bus size depending on the access mode output from the chip select pin (CS3/CAS). Set- 
address is called dynamic bus sizing. Table 3.6 (2) ting this bit to O specifies CS3 waveforms; setting it to 
shows the details of the bus operation. 1 specifies CAS waveforms. 
Resetting clears bit 5 to 0. 
Table 3.6 (2) Dynamic Bus Sizing 
Operand Operand Memory CPU Address CPU Data 
Data Size Start Address Data Size D15 to D8 D7 to DO 
2n+0 8 bits 2n+0 XXXXX b7 to b0 
8 bits (even number) 16 bits 2n+0 XXX b7 to bO 
an+1 8 bits 2n+1 XXXXX b7 to b0 
(odd number) 16 bits on+1 b7 to b0 XXX 
8 bits 2n+0 XXXXX b7 to b0 
2n+0 an+1 XXXXX b15 to b8 
(even number) 16 bits 2n+0 b15 to b8 b7 to bO 
16 bits 8 bits an+1 XXXXX b7 to b0 
an+ ant+2 XXXXX b15 to b8 
(odd number) i one 1 b7 to bo XXX 
an+2 XXXXX b15 to b8 
2n+0 XXXXX b7 to b0 
an+1 XXXXX b15 to b8 
on+0 8 bits an+2 XXXXX p23 to b16 
(even number) 2n+3 XXXXX b31 to b24 
; 2n+0 b15 to b8 b7 to b0 
inal on+2 b31 to b24 b23 to b16 
32 bits 
an+1 XXXXX b/ to b0 
ant+2 XXXXX b15 to b8 
ona 8 bits 2n+3 XXXXX b23 to b16 
(odd number) an+4 XXXXX b31 to b24 
2n+1 b7 to b0 XXXXX 
F an+2 23 to b16 b15 to b8 
ee on+4 KK b31 to b24 
xxxxx: During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe signal remains non-active. 
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Extra CS Area Bus/Wait Control 


BEXCS register is used to specify the data bus size and 
the number of wait in case of accessing address area 
which is not specified using CSO to 3 registers This reg- 
ister has no master enable bit, so always enable to 
unspecified area. Each bit has same meaning as BxCS. 


TOSHIBA CORPORATION 


TMP95C061 


Setting B2CS <B2M> = 0 selects CS2 in the 16M- 
byte area (OOO080H to FFFFFFHF). Setting B2CS 
<B2M> = 1 selects CS2 according to the setting area 
for start address register MSAR2 and address mark 
register MAMR2, the same as for CSO and SC1. A 
reset zero-clears this bit. 
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3.6.2 Address Area Specification is amatch, the specified space is assumed to be accessed 
The address space is specified with the start address register and alow strobe signal is output from the corresponding chip 


(MSARO to 8). For each bus cycle, the chip select controller select pin (CSO to CS9) if it is enabled (BOE to B3E = “1”). 
compares the address on the bus and value of this start If the set address areas overlap or CS2 is enable for the 
address register. The value of the address mask register is 16M-byte area, the one with a smaller CS number is selected. 


used to ignore result of this address comparison. When there 


Figure 3.6 (1). Chip Select (CSO to CS3) Operation Timing 
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A8 to A23 


A23 


BOCS <BOE> 


Start address mask register Start address register 


Figure 3.6 (2). CSO Address Decode Block Diagram 


A8 to A23 


BiCcS <BIE> 


Address mask register Start address register 


Figure 3.6 (3). CS1 Address Decode Block Diagram 
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(1) | Memory start address register 


A8 to A23 


A23 


| | | ——+-+-1 4 
=. am 
s|s|s 

3|22|21|20 


Start address register 


29 9 9 LI B2CS <B2E> 
V\V s B3CS <B3E> 
16}15 


65655600 
v{v]v[vfvfv 
22|21|20|19|18|17 


Address mask register 


Figure 3.6 (4). CS1 Address Decode Block Diagram 


Memory address mask register 


Table 3.6 (3) Memory Start Address Register 


Memory address register (CSO to CS3) 


ee rae eae 
3: $22: 82 
: 1 : 1 


S18: $16 


$17 


(003CH) | (003EH) 


MSARO eae 
MSAR2 ere 


so 
Read/Write R/W 


Set start address A23 toA16 
3 Set start address for CSO to CS3 


(005CH) / (OOSEH) 
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Table 3.6 (4) Memory Address Mask Register 


Memory address mask register (CSO) 


el : 
ae ees ee a ee Se S(O 


LL Control comparison of CSO address 


A8 to A20 


MAMRO 
(003DH) 


Memory address mask register (CS1) 


| | | 
aa: Pa aie, aoe ea, SR | 


5 Control comparison of CS1 address 


A8 to A21 


MAMR1 
(003FH) 


Memory address mask register (CS2, CS3) 


= 


MAMR2 | MAMR3 cc 
(005DH) / (OO5FH) | After reset | : 1 : 1 : 1 i 1 : 


0: aia enable 1: Compare disable 
Ly Control comparison of CS2 to CS3 


address A15 to A22 
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MSARO 3 < S23> to <S16> correspond to addresses 
A283 to A16 and S15, S14 to 9, and S8 corresponding 
to addresses A15, A14, to 9, and A8 are “O” by 
default. MAMRO <V20> to <V8> enable/disable com- 
parison of value set with MSARO and address and 
<V20> to <V8> correspond to <S20> to <S16>, S15, 
$14 to 9, and S8. In addition, V21, V22, and V28 cor- 
responding to <S21>, <S22>, and <S23> are “O” by 
default and comparison is always enabled. 


Example of enabling/disabling comparison 
(CSO registers MSARO and MSAMRO) 


When comparison is disabled by setting <V16> = 1, 
the comparison of the value of <S16> and address 
A16 is disabled and the value of <S16> becomes 
invalid. 

When comparison is enabled by setting <V16> = 0, 
the comparison of the value of <S16> and address 
A16 is enabled and CSO is enabled only when they 
match. 


Start address 


Address 
000000}, 


64K-byte 4 
unit 


<——— 000000} 
<———_ 010000, 
<———— 020000}, 
<————030000y 
<————040000y, 
<——— 050000, 
<———— 060060, 


~<———— FF0000y 


CS1, CS2, and CS3 can be used in the same manner. 
Resetting sets the registers MSARO, MSA1, MSAR2, 
MSAR3, MAMRO, MAMR1, MAMR2 and MAMR3 to 
“OFFH”, and sets the control register bits BOE, B1E, to 
“QO”. So, chip select CSO, CS1, and CS3 are disable 
after resetting, while Bit B2E = 1, B2M = 0 and CS2 is 
enable for memory area OO0080H to OFFFFFFH (16M 
byte). 


How to the Start Address 


The address decoder is output by specifying the start 
address for CS output and the space size. 


The start address is set every 64K-byte because it is 
decoded by A16 to A23 as shown in the block dia- 
gram. 


In other words, the DRAM start address is set to one 
of the 64K-byte intervals after “OOOOOOH”. 


However, note that the start address may be changed 
due to the value of the MAMR. 


Start addressregister value (MSARO to 3) 


alawa sees 00H 


Figure 3.6 (5). Where to Set Start Address 
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How to Set the Address Space 


The address space is specified by setting the memory 
start address mask register (MAMRO to 3). 


As shown in the address decoder block diagram (Fig- 
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ures 3.6 (2) to (4)), CSO, CS1, or CS2/CS8 can specify 
the address area for which the chip select signal can 
be output depending on whether to compare the 
address A8 to A20, A8 to A21, or A15 to A22, respec- 
tively. 


Figure 3.6 (6). Chip Select and Space Size 


Start Address/Address Space Setting Procedure 


® Set memory start address register (MSARx) 
(Set address) 


@® Set memory start address mask register (MAMRx) 
(Set area start area) 


@® Set control register (BxCS) 


data bus width, number of waits, enable/disable of 
the area 
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(Setting Example) 


When the setting the CSO area to 64Kbyte (010000 
to O1FFFFH), 16 bit data width and non-wait, 


MSARO = 01H start address 010000H 
MAMRO = 07H address area 64Kbyte 
BOCS = 13H 16 bit data width, O-wait 
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3.7 Dynamic RAM (DRAM) Controller 


TMP95C061 consists of a control circuit to refresh DRAM, an 
access Circuit to perform read/write. 


£, 


1) refresh mode 
CAS before RAS refresh mode 


2) refresh interval 
31-195 states (programmable) 


3) refresh cycle width 
2-9 states (programmable) 
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address mapping size 
CS8 area: 64K-8M byte 


memory access address length 
8-11 bits 


wait controller 
depends on the setting CS/WAIT controller 


arbitration between refresh and memory access 


refreshing is prior to memory access, automatically 
inserted wait cycle during memory access cycle. 
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Control Register 


fe 
| Readme | 


DREFCR Read/Write 
ft 
(005AH) 


Function 


Dummy Refresh cycle insertion interval 


cycle : 000: 31 states : 000: 2states 20: 
0: Prohibit : 001: «6 2states : 001: 3states :Not inserted 
1: Execute : 010: —-78states : 010: 4states ia: 
: 011; 97 states i 011: Sstates {Inserted 
100: 109 states i 100: 6states : 
101: 124 states £ 101: 7states 


:Refresh cycle width :Refresh cycle 


110: 154 states ; 110: Bstates 
V1: 195 states 3 111: 9states 


Refresh cycle control 


Refresh cycle width control 


Refresh cycle width 


2 states 


Peeps [ame | 
Pep fe [een | 
Peta [s] se | 
Be 
re [tee | 
fs fo [tee 
Pp see | 


Refresh cycle insertion interval See 
Table 3.7 (2). 


Dummy cycle control 


0 | Prohibit dummy cycle 


| 0] not insert refresh cycle 
| 1 | insert refresh cycle 


1 | Execute dummy cycle 


Figure 3.7 (1). Refresh Control Register 
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Read-modify-write is 
prohibited for registers DMEMCR 


pe scl 


bit Symbol : : ; MACM : MUXE : MUXW1 : MUXWO ; MAC 
Wi RW 


DMEMCR 


(005BH) ‘ + 
Self- ;bus imemory address imultiplexed address length {memory 
Refresh : serease iaccess 1 00: Bbit i access 
Function | 0: Execute : es i control i control disable } 94: 9bit | control 
1: Release : 0: release 0: nomal Enable | 10: 10bit 10: disable 
: it: not i1: slow | 11: 11 bit | 1: Enable 
release : i 1 


multiplexed address length control 
(enable only when MUXE = "1" ) 


Nomal access mode 
Slow access mode 


bus release mode Control 


0 | DRAM control signals are also released 
ig) DRAM control signals are not released 


Self-refresh control 


Execute self-refresh 


En Release self-refresh 


Figure 3.7 (2). DRAM Memory Access Control Register 
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Operation Description 


(1) 


Memory Access Control 


Access control is enable when DMEMCR <MAC> = 1. 
And then DRAM control signals (RAS, CAS, and 
REFOUT) are output during the time CPU access CS3 
area. The cycle (bus width and number of wait) depend 
on the value of CS/WAIT controller 

To facilitate connection with low-speed DRAM, the 
DRAM controller can accelerate RAS rise at wait inser- 
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tion and delay RAS precharge time (RAS high width). 
This is called slow access mode. Set mode to slow 
access using DMEMCR <MACM>. 

In the access cycle, Address multiplexer outputs row/ 
column address through AO to A11 pin. The enable/ 
disable setting of address multiplexing and multiplexed 
address width are controlled by DMEMCR <MUXE> 
and <MUXWO, 1>. The relation between address width 
and bus width is below. 


Figures 3.7 (8), (4) show the access timing. 


Table 3.7 Address Multiplex 


column address 


row address 
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multiplexed 
address width 


see bus width 


depend on the 
value of 
CS/ WAIT 


controller 
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x1 
CLK 

A12 to 23, 
AO 
Aito11 
RD 


DO to 15 


DO to 15 


Figure 3.7 (3). DRAM Access Timing (Normal Access Mode) 
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<—— QWaitaccess ———»>|~<—————_.__ 1 Wait access ————————_> 
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rite 


$2 
a 
ro) 
2 


re 


ie 


i<———— 1Wait Access ———»| <————————_-.. 2 Wait Access 


Figure 3.7 (4). DRAM Access Timing (Slow Access Mode) 
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(2) 
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Refresh Controller 


The TMP95C061 can output RAS/CAS used to 
refresh the DRAM. At the same time the state signal 
REFOUT which indicates a refresh cycle is output. 
(Only for interval refresh mode.) 

DRAM can be refreshed easily because RAS/CAS/ 
REFOUT output frequency and pulse width are pro- 
grammable. 

The refresh controller has the following features. 


e Refresh mode: CAS before RAS interval refresh 
mode 


e Refresh interval: 31 to 195 states (program- 

mable) 

e Refresh cycle width: 2 to 9 states (programma- 

ble) 

e Dummy cycle can be generated 

e Refresh cycle is asynchronous with CPU operation 
cycle 


x1 


REFOUT ~\ [- 


2 states wide 
=e 


a) When the refresh cycle width 
is set to 2 states 


CAS before RAS self refresh mode 


i) CAS before RAS interval refresh mode 


The refresh interval and refresh width for CAS before 
RAS interval refresh mode depends on the DRAM 
being used. 

Therefore, TMP95C061 enables the refresh interval 
and refresh cycle width to be set with the refresh con- 
troller register value according to the system clock 
and DRAM that are being used. 

Figure 3.7 (6) shows a timing example for CAS before 
RAS refresh cycle. 


3 states wide 


Php: he hecter 


b) When the refresh cycle width 
is set to 3 states 


Figure 3.7 (5). Refresh Cycle Timing Example 


TOSHIBA CORPORATION 


TMP95C061 


How to set the register is described next. The insertion interval is set with the three bits DREFCR 
<RS22 to O> according to the system clock being 


Figure 3.7 (1) shows the bit structure of the refresh used. 


control register DREFCR. 
Example: When the system clock is 25MHz and the 
DRAM refresh cycle is to be 15.6us, set 


@® Refresh cycle insertion interval : 
these bits to “111”. 


Table 3.13 (2) Refresh Cycle Insertion Interval 


Refresh Cycle Insertion Frequency (fosc) 


ase [ast | #50 | Grates 
pee fof [rs [ez [aoe [oe aoe or [as | 
oe [Ps |e [CESS [ ea [a02 | ees | 75 | 02 | so | 
Po [a |e | | es [Cee] ame [anwar 7a | oa 
PP [rf ones pe [apne Fen [a7 [| 
pepe fas [ae [ve [ae [ns 
Po [+ [me [ao [ae [em | vm [Css] 4 
Pe [se [as aa Por [ae | es [es 
Pa [es [ors [ae [aso [a [aa | van (CSSD) 


(Unit: ws) 
@ The three bits DREFCR <RW2 to 0> can be used to ii) CAS before RAS self refresh mode 
change the refresh cycle width (RAS, CAS Low out- 
put width). (2 to 9 states) This mode is used when DRAM controller or is halted 
with HALT (IDLE, STOP) instruction while refreshing 
® Refresh cycle control with CAS before RAS interval refresh mode (hereafter 
referred to as interval mode). 
The refresh cycle can be disabled/enabled with the bit However, REFOUT is not output. (“1” is output.) 
DREFCR <RC>. Figure 3.7 (6) shows the self refresh mode timing dia- 


gram. 
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Warming up interval 


HALT (STOP) 
execution 


Interval mode sequence 
—_—_—>| 


<—_—_—_———————__ Self mode 


Figure 3.7 (6). Self Refresh Cycle Timing 


This mode is executed as follows. First, the settings are 
made fro normal interval mode. Then B3CS <SRFC> is 
set to “O” before a HALT instruction to perform one 
normal refresh. Then the CAS pin and RAS pin are kept 
at low level and the self refresh mode is entered. Can- 
celling HALT and supplying a clock to the DRAM con- 
troller automatically sets DMEMCR <SRFC> to 1 and 
cancels self refresh mode. After cancellation, refresh is 
performed once normally and processing returns to 
interval mode. (Note that when HALT is cancelled by a 
reset, the I/O registers are initialized, therefore, refresh 
is not normally performed.) 


After DMEMCR <SRFC> to “0”, make sure that the 


Interval mode —— 
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Priority 


The DRAM refresh cycle may overlap with the DRAM 
read/write cycle because it is not synchronized with 
the CPU operating cycle. In this case, the DRAM con- 
troller gives priority to the cycle that starts operation 
first. If the priority is given to the refresh cycle, a wait is 
automatically inserted in the memory access cycle. 


Bus Release Mode 


The TMP95C061 has a bus release function. Setting 
dedicated DRAM control pins (RAS, CAS, REFOUT) 
enables selection of release mode (by setting the pins 
to high impedance like other pins) or non-release 
(remain driving) mode in which refresh cycle output is 
supported. For the states of other pins at bus release, 
see 3.14 (2), Pin states at bus release. 


(i) Mode used by DRAM control dedicated pin to 
release bus (DMEMCR <BRM> = 0) 


When the bus release request (BUSRQ) pin is set to 
active (low level), the TMP95C061 acknowledges 
the bus release request. After the current bus cycle 
(including DRAM access cycle) ends, the 
TMP95C061 sets the DRAM control dedicated pin 
(RAS, CAS, REFOUT) to high, sets the output buffer 
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to off, and sets the pin to high impedance. 

The refresh cycle is asynchronous with the access 
cycle. When a refresh request is generated and the 
refresh cycle is at wait because of a conflict with the 
access cycle until the bus release, the bus release 
timing is delayed until the refresh cycle is completed. 
The refresh counter keeps counting during bus 
release. The refresh request generated during bus 
release is held for one cycle. The refresh cycle is 
performed immediately after the TMP95C061 
regains bus mastership. 

The bus release request or refresh counter is asyn- 
chronous with the bus cycle. To use this mode, the 
external bus master must generate a refresh cycle 
during bus release. 


(ii) Mode not used by DRAM control dedicated pin to 


release bus (DMEMCR <BRM> = 1) 


Valid even if the DRAM is not accessed by the exter- 
nal bus master during bus release. If this mode is 
set, the DRAM dedicated pin does not release the 
bus even if a bus release request is generated but 
keeps supporting a refresh cycle only. Note that all 
the other pins release the bus. Unlike (i), bus release 
timing is not influenced by a refresh request. 

A reset DMECR <BRMs> to 0 and the DRAM control 
dedicated pin to bus release mode. 
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(6) — Connection Example 


(1) 8 bit bus configuration 


TMP95C061 


(2) 16 bit bus configuration 


TMP95C061 
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3.8 8-bit Timers 


TMP95C061 contains four 8-bit timers (timers 0, 1, 2 and 3), 
each of which can be operated independently. The cascade 
connection allows these timers to be used as 16-bit timers. 
The following four operating modes are provided for the 8-bit tim- 
ers: 


e 8-bit interval timer mode (4 timers) 
e 16-bit interval timer mode (2 timers) 


¢ 8-bit programmable square wave pulse generation (PPG: 
variable duty with variable cycle) output mode (2 timers) 


¢ 8-bit pulse width modulation (PWM: variable duty constant 
with cycle) output mode (2 timers) 
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Figure 3.8 (1) shows the block diagram of the 8-bit timer 
(timer O and timer 1). 

Timers 2/3 have the same circuit configuration as timer O 
and timer 1. The difference between Timer O and Timer 2 is 
that Timer O has an external clock input pin (TIO), while Timer 2 
has none. 

Each interval timer consists of an 8-bit comparator, and 8- 
bit timer register. Besides, timer flip-flops (TFF1, TFF) are pro- 
vided for each pair of timer 0/1 and timer 2/3. 

Among the input clock sources for the interval timers, the 
internal clocks of 11, @14, 116, and @1256 are obtained 
from the 9-bit prescaler shown in Figure 3.8 (2). 

The operation modes and timer flip-flops of the 8-bit timer 
are controlled by five control registers T0O1MOD, T23MOD, 
TFFCR, TRUN, and TRDC. 
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TRUN<TORUN> TRUN<T1IRUN> 


RUN ee 


TIO pin—> 8-bit 8-bit 
¢11  — | up-counter up-counter 
i ee eal Selector (uct) 


¢716 — 


rt 
en ee 


+ 4 


TMOD<TOCLK1,0> 
TMOD<TICLK1,0> 


comparator 


POGTRG 


PPGTRG 
PWMTRG 
——---—*|_ Select 
TREG-WR 
Register buffer 
TRDC<TRODE> 


TFFCR<FF1C1,0> 


*1 Set 

F/F I 
*2 Clear conn 
*3 Invert 


Software trigger —> 


TFFCR<TFFIIE> 


TFFCR<TFFIIS> 


TOIMOD <TO1M1,0> 


INTT1 


Internal bus 


Figure 3.8 (1). Block Diagram of 8-bit Timers (Timers 0 and 1) 
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@ Prescaler 


These are 9 bit prescaler and prescaler clock selection 
register to generates input clock for 8-bit Timer 0/1, 
Timer 4/5 and Serial Interface 0/1. 

The 8-bit Timer 0, uses 4 types of clock: @11, @T4, 


oscillation | f¢ 


circuit 1/4 


1/2 


$71 (8/fc) 
$74 (32/fc) 
$716 (128/fc) 
$7256 (2048/fc) 


TMP95C061 


@116 and @T256 among the prescaler output. 

This prescaler can be run or stopped by the timer opera- 
tion control register TRUN <PRRUN>. Counting starts 
when <PRRUN+> is set to “1”, while the prescaler is 
cleared to zero and stops operation when <PRRUN> 
is set to “O”. 


Cycle 


320 ns 
1.28 ws 
5.12 us 
81.92 us 


é12 18 $132 


¢10 11 éT4 , 6716 $7256 


123 45 67 8 


9 bit Prescaler 


{run /stop & clear 


TRUN<PRRUN> 


Figure 3.8 (2). Prescaler 
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@ Up-counter 


There is an 8 bit binary counter which counts up by the 
input clock pulse specified by the Timer 0/1 mode reg- 
ister TO1MOD and Timer 2/3 mode register T23MOD. 
The input clocks of timer 0/2 are selected from the 
three internal clocks @T1, aT 4, and @T16 and the 
external clock input (TIO: timer O only) using the mode 
register TO1MOD and T23MOD. 

The input clocks of timer 1/3 differ depending on the 
operation mode. When the timers are set to 16 bit 
timer mode, the overflows output of timer 1/3 are used 
as the input clock. When the timers are not set to the 
16 bit mode, the input clock is selected from the inter- 
nal clocks @T1, 116, and @T256, and the output 
comparator (match detection). 


Example: When TO1MOD <T10M1,0> = 01 
the overflow output of timer O 
becomes the input clock of timer 1 
(16-bit timer). 

When TO1MOD7, 6 = 00 and 
TO1MODS, 2 = 01, aT 1 becomes 
the input of timer 1 (8 bit timer 
mode). 


Operation mode is also set by TO1MOD register and 
T23 MOD register. When reset, it is initialized to 
TO1MOD <TO1M1, O> = 00, T23MOD <T23M1, O> = 
00, whereby the up-counter is placed in the 8-bit timer 
mode. 


The counting and stop and clear of up-counter can 


be controlled for each interval timer by the timer operation 
control register TRUN. When reset, all up-counters will 
be cleared to stop the timers. 


® Timer register 


This is an 8-bit register for setting an interval time. 
When the set value of timer registers TREGO, TREG1, 
TREG2, TREGS3, matches the value of up-counter, the 
comparator match detect signal becomes active. If the 
set value is OOH, this signal becomes active when the 
up-counter overflows. 

Timer register TREGO/TREG2 is of double buffer struc- 
ture, each of which makes a pair with register buffer. 
The timer register double buffer register TRDC 
<TRODE, TR2DE> bit controls whether the double 
buffer structure in the TREGO/TREG2 should be 
enabled or disabled. It is disabled when <TRODE>/ 
<TR2DE> = 0, and enabled when they are set to 1. 

In the condition of double buffer state, the data is 
transformed from the register buffer to the timer regis- 
ter when the 2" - 1 overflow occurs in PWM mode, or 
at the PPG cycle in PPG mode. 

When reset, it will be initialized to <TRODE>/<TR2DE> 
= 0 to disable the double buffer. To use the double 
buffer, write data in the timer register, set <TRODE>/ 
<TR2DE> to 1, and write the following data in the reg- 
ister buffer. 
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Up-counter 


Matching detection of PPG 
<—C {= yycle 


2n - 1 overflow of PWM 


TREGO/2 WR 


<TRODE>/<TR2DE> 
Internal bus 


Figure 3.8 (3). Configuration of Timer Register 0/2 


Note: Timer register and the register buffer are allocated o the same memory address. When <TRODE>/<TR2DE> = 0, the same value is written in the regis- 
ter buffer as well as the timer register, while when <TRODE>/<TR2DE> = 1 only the register buffer is written. 


The memory address of each timer register is as follows. All the registers are write-only and cannot be read. 
The initial value is indeterminate; when using the 8-bit 
TREGO: 000022H timer, always write data to the timer register. 


TREG1: 000023H 
TREG2: 000026H 
TREG3: 000027H 
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TO1MOD} bit symbol 


(0024H) 


Read/Write 


After reset 


01: 16 bit Timer £01:261 = pwm —: (01:71 
Function | 19: 8 bit PPG :10:27-1 cycle: 10: gT16 
11:8 bit PWM : 11: 28-1 : 11: gT256 


: Tomo : pwmoo 


TOIM1 


: Pwmot 


00: 8 bit Timer i 00: TOOTRG 


Input clock of timer 0 


Internal clock ¢T1 


Internal clock gT4 


Internal clock ¢T16 


Comparator output 
of timer 0 


Internal clock T1 


Internal clock gT16 


Internal clock 7256 
Select PWM cycle 


: TICLK1 : TICLKO | TOCLK1 : TOCLKO 


External clock Input TIO 


(Don't care except PWM mode) 


Overflow 
output of timer 
0 


(16-bit timer 
mode) 


—____—__—______——-» Set the operation mode of 


Two 8-bit timers 
(timer 0 and timer 


16-bit timer 


8-bit PPG output 


timer 0 and 1. 


1) 


8-bit PWM output (timer 0) 
+ 8-bit timer (timer 1) 


Figure 3.8 (4). Timer 0/1 Mode Control Register (T01MOD) 
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ees | £2 6 UE BP ae EE eG 


bit Symbol | _123M1 | T23MO | PWM21 : PWM20 : T3CLK1 ; T3CLKO : T2CLK1 ; T2CLKO 


T25MOD] Readiwrite | 


0028H 
( ) After reset 


Function 


00: 8bitTimer | 00: - 00: TO2TRG : 00: - 


01: 16bitTimer | 01: 26-1 PWM 01: T1 i O41: gT1 
10: 8 bit PPG $ 10:27-1 Cycle : 10: gT16 : 10: ¢T4 
11: 8 bit PWM :11:28-1 : 14: g7256 : 11: gT16 


Input clock of timer 2 


Jor | Internal clock ¢T1 


10 | Internal clock gT4 


11 | Internal clock ¢T16 


UL—» Input clock of timer 3 


| | T23MOD7, 6# 01 T23MOD7, 6 =01 


Comparator output of | Overflow output of 


timer 2 Timer 2 


Internal clock gT1 (16-bit timer mode) 
}10 | Internal clock ¢T16 
jt | Internal clock ¢7256 


Select PWM cycle 
(Don't Care except PWM mode) 


> Set operation mode of timer 2, 3 


Two 8-bit timers (timer 2, 3) 


01. | 16-bit timer 


8-bit PPG output 


8-bit PWM output (timer 0) 
+8-bit timer (timer 3) 


Figure 3.8 (5). Timer 2/3 Mode Register (T23MOD) 
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—_oeoeeOE FFI 


See 
| bit Symbol | 


bit Symbol FF3C1 FF3CO FF3IE FF3IS FFIC1 FF1CO FFIE FFIUS 
TFFCR 
| Read/Write | 
(0025H) 


After reset 


00: Invert TFF3. 1: :0: : 00: Invert TRF. it: 
O1:Set TFF3 i TFF3 —inversionby: O1:Set  TFF1 | TFFA 
10:Clear TFF3 Invert —itimer2.-«|«:10: Clear TFF1 Invert 
Function 11: Don’t care Enable il : 11: Don't care : Enable 
: : Inversion by : 
Timer 3 


Select inverse signal of timer F/F1 
(“Don‘t care” except in 8-bit timer mode) 
Inversion by timer 0 match signal 


| + | Inversion by timer 1 match signal 


Inversion of Timer F/F 1 (TFF1) 


fo foisble 
Control of Timer F/F 1 (TFF1) 


Invert the value of TFF1 (soft ware 
inversion) 


| 01 | Set TFFI to "1" 
| 10 | Set TFFI to “0”. 
11 | Don’t Care (Always read as "11" 


Select inverse signal of timer F/F3 
(“Don‘t care” except in 8-bit timer mode) 


| o | Inversion by timer 2 
La | Inversion by timer 3 


Inversion of Timer F/F 3 (TFF3) 


Control of Timer F/F 3 (TFF3) 


Invert the value of TFF1 (soft ware 
inversion) 


| 01 | Set TFF3 to “1” 


Set TFF3 to "0". 


Don’t Care (Always read as “11".) 


Figure 3.8 (6). 8-Bit Timer Flip-flop Control Register (TFFCR) 
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16-bit Timer 8-bit Timer 


a) 4 3} 3 
PRRUN : : TSRUN : T4RUN ; T3RUN : T2RUN | TIRUN : TORUN 
io i 0 f of Oo ; 


TRUN 
(0020H) 


Prescaler & Timer Run/ Stop Control 


0: Stop & Clear 
1: Run (Count up) 


Operation of Timer 0 


Stop & Clear 


Stop & Clear 


Count 


Figure 3.8 (7). Timer Operation Control Register (TRUN) 
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—— ete ie 28 fa 4. 2 
ase ee | 
Read/Write : : : : : RYW 

After reset : : 


0: Double Buffer 
Disable 


1: Double Buffer 
Enable 


Function 


Operation of Timer Register 0 Double buffer 


re [ome | 
[1 [enabie 
Operation of Timer Register 2 Double buffer 


fo [inte 
[erste | 


Figure 3.8 (8). Timer Register Double Buffer Control Register (TRDC) 
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Comparator 


A comparator compares the value in the up-counter 
with the values to which the timer register is set. When 
they match, the up-counter is cleared to zero and an 
interrupt signal (INTTO to 3) is generated. If the timer 
flip-flop inversion is enabled, the timer flip-flop is 
inverted at the same time. 


imer flip-flop (timer F/F) 


The status of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval timer 
and the value can be output to the timer output pins 
TO1 (also used as PA2) and TO3 (also used as PA3). 
The timer F/F are provided for a pair of timer 0/1 and 
timer 2/8. The outputs of timer F/F are TFF1 and TFF8, 
and output signals through the TO1 and TOS. 


MSB LSB 
76543210 
TRIN ¢-X----0- 


TOIMOD «00 XX01- - 


TMP95C061 


The operation of 8-bit timers will be described below: 


(1) 


8-bit Timer Mode 


Four interval timers, O, 1, 2, and 3, can be used indepen- 
dently as an 8-bit interval timer. All interval timers oper- 
ate in the same manner, and thus, only the operation 
of timer 1 will be explained below. 


@® Generating interrupts in a fixed cycle 


To generate timer 1 interrupt at constant intervals 
using timer 1 (INTT1), first stop timer 1, then set the 
operation mode, input clock, and synchronization to 
TO1MOD and TREG1, respectively. Then, enable interrupt 
INTT1 and start the counting of timer 1. 


Example: To generate timer 1 interrupt every 32us at 
fc = 25MHz, set each register in the follow- 
ing manner. 


Stop timer 1, and clear it to “0”. 
Set the 8-bit timer mode, and select 11 (0.32 us @ fc = 25 MHz) 


as the input clock. 

Set the timer register 32 us + ¢T1 = 100 = 64H 
Enable INTT1, and set it to “Level 5”. 

Start timer 1 counting. 


TREG1 ©01100100 
INTETOL © 1101--- - 
TRIN © 1X----1- 


Note: X: don’t care —; no change 


Use Table 3.8 (1) for selecting the input clock. 


Table 3.8 (1) Setting the Interrupt Period and Input Clock for 8 Bit Timer 


Input clock Interrupt period (at f¢ = 25MHz) Resolution 
oT (8/fc) 32us to 81.92us 32us 
@T4 (32/fc) 12.8us to 327.7us 1.28us 

9116 (128/fc) 5.12us to 1.311ms 5.12us 

91256 (2048/fc) 81.92us to 20.97ms 81.92us 
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@ Generating a 50% duty square wave pulse Example: To output a 1.92us square wave pulse from 
TO1 pin at fc = 25MHz, set each register in the 

The timer flip-flop is inverted at constant intervals, and following procedures. Either timer 0 or timer 1 

its status is output to a timer output pin (TO1). may be used, but this example uses timer 1 


TRUN © -X----0- Stop timer 1, and clear it to “0”. 

TOIMOD}¢§ OO XXO01-- Set the 8-bit timer mode, and select ¢T1 as the input clock. 

Set the timer register at 1.92 us=+4¢T1+2=3. 

Clear TFF1 to “0”, and set to invert by the match detect signal 
from timer 1. 


TREG1 
TFFCR 


* Ff 
Io 
Io 
1o 
1o 
a) 
oo 
a 
PP 


PACR «XX XX-1-- 
PAFC «XXXX-1XX 
TRIN: -@ LX se be 


Note: X;don’t care -;no change 


} Select PA2 as TO1 pin. 


Start timer 1 counting. 


a a Ka pK a Sp Ca a Gn My Ee a es Gp 


TRUN 


BIT7 to 2 
Up- 
counter BIT1 
\h 
BITO 0 1 2 3 $0 \ 1 2 3 [oO] 1 2 3 Lo 


Comparator 


timing a \| 


Comparator output 
(matching detect) A 


INTT1 Ni 
UC clear ' ' 


ns. i aa |e arr: ar 


Figure 3.8 (9). Square Wave (50% Duty) Output Timing Chart 
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@ Making timer 1 count up by match signal from timer Set the 8-bit timer mode, and set the comparator output 


O comparator 


of timer O as the input clock to timer 1. 


Comparator output | | | 


(Timer 0 match) 


TimerOup-counter _1 X2X3X4X5X1X2X3X4XSX1X 2X 3) 


(when TREGO = 5) 


Timer 1 up-counter 1 1 


(when TREG1 = 2) 


Timer 1 match output ee ee | ne 


Figure 3.8 (10). Timer 1 Count Up by Timer 0 


® Output inversion with software © Initial setting of timer flip-flop (TFF) 

The value of timer flip-flop (timer F/F) can be inverted, The value of TFF can be initialized to “O” or “1”, inde- 
independent of timer operation. pendent of timer operation. 

Writing 00 into TFFCR <FF1C1, O> inverts the value of For example, write “10” in TFFCR <FF1C1, O> to 
TFF1. Writing OO into TFFCR <FF38C1, O> inverts the clear TFF1 to “O”, while write “O1” in TFFCR 

value of TFFS. <TFF1C1, O> to set TFF1 to “1”. 
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Note: The value of timer F/F and timer register cannot 
be read. 
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(2) 
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16-bit timer mode 


A 16-bit interval timer is configurated by using the pair 
of timer 0/1 and timer 2/3. 

Timer 2/3 operate as Timer 0/1, so described have 
about Timer 0/1. 

To make a 16-bit interval timer by cascade connection 
timer O and timer 1, set timer O/timer 1 mode register 
TO1MOD <TO1M1, O> to “O, 1”. 


When set in 16-bit timer mode, the overflow output of 
timer O will become the input clock of timer 1, regardless of 
the set value of clock control register TCLK. 

The lower 8 bits of the timer (interrupt) cycle are set by 
the timer register TREGO, and the upper 8 bits are set 
by TREG1. Note that TREGO always must be set first 
(Writing data into TREGO disables the comparator 
temporarily, which is restarted by writing data into 
TREG1). 


Table 3.8 (2) Interrupt Period and Input Clock in 16 Bit Timer Mode 


Input clock Interrupt period (at f¢ = 25MHz) Resolution 
oT (8/fc) 32us to 20.971ms 32us 
gT4 (32/fc) 12.8us to 83.885ms 1.28us 

@116 (128/fc) 5.12us to 335.539ms 5.12us 


Setting example: To generate an interrupt INTT1 every 0.32 


seconds at fc = 25MHZz, set the following 
values for timer registers TREGO and 
TREG1. 
When counting with input clock of a@T16 
(6.12us @ 25MHZz) 

0.32s +5.12us = 62500 = F424H 
Therefore, set TREG1 = F4H and TREGO = 
24H,respectively. 


The comparator match signal is output from timer O 
each time the up-counter UCO matches TREGO, 
where the up-counter UCO is not be cleared, and then 
the INTTO is not decremented. 

With the timer 1 comparator, the match detect signal is 
output at each comparator timing when up-counter 
UC1 and TREG1 values match. When the match 
detect signal is output simultaneously from both com- 
parators of timer O and timer 1, the up-counters UCO 
and UC1 are cleared to “O”, and the interrupt INTT1 is 
generated. If inversion is enabled, the value of the 
timer flip-flop TFF1 is inverted. 
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TimerO Timer1 


Compared TO1 Compared 


121 Value Value 


16 bit Timer mode not generate output disable | TREGO generate the outputenable | TREG1+28 


i TREG 
Input overflow of the interrupt Continued \} interrupt + 0 
to countup 


Timer 0 to Timer 1 
after match 


8 bit Timer mode generate the output enable | TREGO generate the | outputenable | TREG1«* TREGO 


‘ " interrupt Timer 0 or Cleared interrupt Timer 0 or 
input match of Timer . is 

: Timer 1 after match Timer i 
Oto Timer 1 


Example: When TREG1 = 04H and TREGO = 80H 


V ‘ 
RYE ERP Counter 0000H_~0080H 0180H 0280H 0380H 0480H 


Timer 0 comparator 


match detect signal ll I] | fl fl 
Interrupt INTT1 ll 
Timer output TO1 Y Inversion 


Figure 3.8 (11). Timer Output by 16-Bit Timer Mode 


(8)  8-bit PPG (Programmable Pulse Generation) Mode be either low-active or high-active. In this mode, timer 
1 and timer 3 cannot be used. 
Square wave pulse can be generated at any frequency Timer O outputs pulse through TO1 pin (also used as 
and duty by timer 0 and timer 2. The output pulse may PA2). Timer 2 outputs pulse to TO pin (also used as 
PAS). 
tH tL 
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As an example, Timer O will be explained below. Timer 2 provides the same functions. 


TREGO and UCO match 
(Interrupt INTTO) 


TREG1 and UCO match 
(Interrupt INTT1) 


TO1 


TIO pin. —> 


g™1 —> 
¢14 — >| Selector 
$716 —> 


TMOD <TOCLK1,0> 


8-bit Peel 
up-counter (UCO) 


INTTO 


INTT1 


recone Shift trigger 


ry Register buffer TREG 1 


TRDC 


Internal — nternalbus stst=—“<is~*sSsS 


Figure 3.8 (12). Block Diagram of 8-bit PPG Output Mode 
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When the double buffer of TREGO is enabled in this mode, 


the value of register buffer will be shifted in TREGO each 
TREG1 matches UCO. 


Match with TREGO 
and up-Counter 


(Up-counter = Q;) 


Match with TREG 1 


TREGO Q; 
(Value to be compared) 


Registe buffer 


the operation of register buffer 


Example: Generating 1/4 duty 78.125kHz pulse (at fc = 
25MHz) 


eee a fi tas 


<r" 


e Calculate the value to be set for timer register 
To obtain the frequency 78.125kHz, the pulse 


TMP95C061 


Use of the double buffer makes easy the handling of low 


duty waves (when duty is varied). 


(Up-counter = Q)) 


Shift from register buffer 
Q2 


write register buffer 


Given @T1 = 0.32us (at 25MHz), 

12.8us + 0.32us = 40 
Consequently, to set the timer register 1 (TREG1) to 
TREG1= 40 = 28H and then duty to 1/4, tx 1/4 = 12.8us 
xX 1/4 =3.2us 

3.2uUS + 0.32us = 10 
Therefore, set timer register O (TREGO) to TREGO = 10 


cyc;e t should be: t = 1/78.125kHz = 12.8us ad 
MSB LSB 
¢ 76543210 

TRUN « O0X----00 Stop timer 0 and timer 1 and clear it to "0". 

TOIMOD+¢ 10XX0101 Set the 8-bit PPG mode, and select gT1 as input clock. 

TFFCR ¢ ----011x Sets TFF 1 and enable the inversion and double buffer 
enable. 
Writting “10” provides negative logic pulse. 

TREGO « 00001010 Write “OAH”. 

TREG1 « 00101000 Write "28H". 

PACR © XAXK = 1 = Set PA2 as the T01 pin. 

PAFC «© XXXX-1XX 

TRUN ¢ 1X----11 Start timer 0 and Timer 1 counting. 

Note: X;don’t care -;no change 
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(4)  8-bit PWM (Pulse Width Modulation) Mode 

This mode is valid only for timer 0/2. In this mode, 2-8 
bit resolution of PWM pulse can be output. PWM pulse 
is output through TO1 pin) when using timer 0. When 
using timer 2, the pulse is through TOS pin. Timer 1 
and timer 3 are valid for 8-bit timers. 

As an example, the PWM mode operation of Ti mer O 
will be explained below. Timer 2 provides the same 
operation as Timer O. 

Timer output is inverted when up-counter (UCO) 


TREGO and UCO 
match 


2°-1 
Overflow 
(Interrupt INTTO) 


TO1 


Figure 3.8 (13) shows the block diagram of this mode. 


TRUN <TORUN> 


TMOD <TOCLK1,0> 


Clear 


2n-4 
overflow 


control 


matches the set value of timer register TREGO or when 
2n - 1 (n=6, 7 or 8; specified by TO1MOD <PWMO1, 
O>) counter overflow occurs. Up-counter UC1 is cleared 
when 2n - 1 counter overflow occurs. 


To use this PWM mode, the following conditions must 
be satisfied. 


(Set value of timer register) < (set overflow value of 2” - 
1 counter) 


(Set value of timer register) + O 


tpwm 
<--> 
(PWM cycle) 


Invert 


Overflow 


Comparator 


[ TREGO 
a Shift trigger 
TREGO-WR-> as, 
} Register buffer 
TRDC <TRODE> 


ae ) 


Internal bus 


INTTO 


Figure 3.8 (13). Block Diagram of 8-Bit PWM Mode 
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In this mode, the value of register buffer will be shifted in 


Use the double buffer makes easy the handling of small 
TREGO if 2" - 1 overflow is detected when the double buffer of duty waves. 
TREGO is enabled. 


Match with TREGO 


Up-counter = Q; Up-counter = Q2 
29-1 overflow 


Shift into Register Buffer 
TREG 0 Q1 Q> 
(value to be compared) 
Register buffer Q2 


Q3 
= Write register buffer 
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90 


Example: 


pin at fc = 25MHz. 


TRUN 


€ 


TO1MOD< 


TFFCR 
TREGO 
PACR 
PAFC 
TRUN 


Note: X; don’t care 


t 


é 
€ 
’ 
‘e 


P< «K Oo 


To output the following PWM waves to TO1 


<)> = 
<x | Oo XK 


-;no change 


To realize 40.64us of PWM cycle by @T1 = 0.382us 
(at fc = 25MH2z), 

40.64us + 0.32us = 127 = 2"-1 
Consequently, n should be set to 7. 


As the period of low level is 28.8us, for T1 = 0.32us, 
set the following value for TREGO. 


28.8us + 0.32us = 90 = SAH 


Stop timer 0, and clear it to “0”. 

Set 8-bit PWM mode (cycle: 27 - 1) and select gT1 as the 
input clock. 

Clears TFF1, enable the inversion and double buffer. 
Writes “SAH”. 

Set PA2 as the TO1 pin. 


Start timer 0 counting. 


Table 3.8 (3) PWM Cycle and Selection of 2" - 1 Counter 


PWM cycle (@fc = 25MHz) 
e711 9116 91256 
28-4 20.2us 80.6us (12.4kHz) 322.6us (3.1kHz) 
ai -4 40.6us 162.6 (6.2kHz) 650.2us (1.5kHz) 
28 - 4 81.6us 326.4us (3.1kHz) 1.31ms (0.8kHz) 


TOSHIBA CORPORATION 


(5) Table 3.8 (4) shows the list of 8-bit timer modes. 


Table 3.8 (4) Selection of 8 Bit Timer Mode and Control Register 


TMP95C061 


Timer mode Upper input Lower input Invert select 
(8-bit timer x 2 ess je wids) TICLK TOCLK FF1IS 
channels) (T3CLK) (T2CLK) (FF31S) 
16-bit timer 01 _ m External clock 7 
(16-bit) x 1 ch aT, 4, 16) 
8-bit timer z ; ‘ 
(Input of upper timer is 00 - 00 Brn . at y Bua time 
att, 4, 16) 1: Upper timer 
output of power one) os 
8-bit timer x 2 ch 00 Z (a1, 16, 256) ms : i : es 
; External clock 
8-bit PPG x 1 ch 10 - - aT, 4, 16) = 
8-bit PWM x 1 ch (Lower) External clock z 
B-bit timer x 1 ch (Upper) 11 PWM cycle (aT1, 16, 256) aT, 4, 16) 


TOSHIBA CORPORATION 


91 


TMP95C061 


3.9 16-bit Timer 


The TMP95C061 contains two (timer 4 and timer 5) multifunc- 
tional 16-bit timer/event counter with the following operating 
modes: 


¢ 16-bit interval timer mode 

e 16-bit event counter mode 

e 16-bit programmable pulse generation (PPG) mode 
e Frequency measurement mode 

e Pulse width measurement mode 

e Time differential measurement mode 
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Timer/event counter consists of 16-bit up-counter, two 
16-bit timer registers, two 16-bit capture registers (one of them 
applies double-buffer), two comparators, capture input controller, 
and timer flip-flop and the control circuit. 

Timer/event counter is controlled by 4 control registers: 
T4MOD/TSMOD, T4FFCR/T5SFFCR, TRUN, and T45CR. 

Figure 3.9 (1), (2) shows the block diagram of the 16-bit 
timer/event counter (timer 4 and timer 5). 
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Internal bus 


Upper wl fee byte 


Capture register 1 Capture register 2 


T4MOD<CAPIIN> said CAP2 
Trigger. : 
Software Capture Trigger 
abr t Capture 
TI4 control 
TIS J 
A 4 TRUN<T4RUN>, 
TamoD Aa Saad ‘eal Oa 
— -bit up-~ 
<CAP12M1, MO> 116 Selector 16-bit raga a 
Tl4 a 
A 
TRUN<T4RUN> 
as A 4 
oe T4MOD<TA4CLK1, 0> 
22 


Match 


Comparator detection Comparator 
CP4 cP5 


Register buffer4 


T4SCR<DB4EN> 


Upper byte Lower byte Upper byte 


Figure 3.9 (1). Block Diagram of 16-Bit Timer (Timer 4) 


Upper mf Tf Lower byte 


T4MOD<CAP2TS5, EQSTS> 
T4FFCR 


TFF4 TO4 


TFFS TOS 


1 


F/F 


Control 


PGO 32 
shift FE 


: BR 
trigger 55 


Match 
detection 


Lower byte 
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i 


Upper byte 


Internal bus 


Lower byte Upper byte a= byte 
Capture register 4 
CAP4 


Trigger 


TSMOD<CAP3IN> 


TSFFCR 


Software Capture 


TI6 Capture 
ne control TFF6 TO6 
A A TRUN<T5RUN> 
TSMOD $11 ——> Clear 4 
O 
<CAP34M1,Mo> $¢14——> 16-bit up-counter 
' F Selector 
116 ee UCS CG 
>| 
TRUN<TSRUN> trigger EE 
re TSMOD<T6CLK1, 0> == 
z2 


Match Match 


Comparator detection Comparator detection 
CP6 CP7 
TREG6 TREG7 
if Selector 
-<—— TREG6-WR 
Register buffer 6 H 


T45CR<DB6EN> 
Upper byte Lower byte Upper byte Lower byte 


Internal bus 


Figure 3.9 (2). Block Diagram of 16-bit Timer (Timer 5) 
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T4MOD | bit Symbol | CAP2TS : EQSTS : : TACLK1 | TACLKO 
(00381) Readrwrie| 


TFFSinverttrigger 0: Soft- ‘Capture timing i1:UC4 Timer 4 source clock 
wee : : Capture :00: Disable : Clear 00: Ti4 
0: Disable trigger iy: don't INT4 occurs atriseedge. : Enable : . 
Function | 1: Enable trigger ed ears Ol: Tit =oTIST : : 01: gT1 
: : INT4 t dge. : > - 
Invert iInvert i iosue a = : : re" 
when the :when the i INT4 occurs at fall edge. : : 14: gT16 
UC value is :up-counter: WAstee1. TEFL : 
loaded to :matches H :  INT4 occurs at rise edge. : : 


CAP2 iTREGS 


Timer 4 input clock 


External clock (TI4) 
éT1 (8/ fc) 

#14 (32/ fc) 

#1 16 (128/ fc) 


Lids Clearing the up-counter UC4 


Clear disable 


Clear by match with TREGS. 


Figure 3.9 (3). 16-Bit Timer Mode Controller Register (T4MOD) (1/2) 
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ee ; 
T4MOD CAP2TS 


(038 


: CAPIIN 


it: don't 


TFFS5 invert trigger 
0: Disable trigger 

Function 1: Enable trigger 
loaded to ematehes 
CAP2 


:0: Soft-  :Capture timing 


Capture :00: Disable 
care 01: 1147 TIST 


WO: Tag = Tay 


INT4 occurs at fall edge : 


WTI TREID TRETY 


INT4 occurs at rise edge. : 


11 


: CAP12M1 : CAP12M0 : 


INT4 occurs at rise edge. F 


INT4 occurs at rise edge. : 


i: UC4 


Clear 
Enable 


CAP2 at TI4 fall 


CAP1 at TFF1 rise 
CAP2 at TFF1 fall 


____,» Software capture 


The up-counter4 value is loaded to CAP 1 
(software capture). 


Always read as “1”. 


: TACLK1 


: TACLKO 


: Timer 4 source clock 
: 00: TI4 

01: gT1 

: 10: gT4 

i 11: gT16 


Capture timing of timer4 


| | Capture control 


00 |Capture disable 


INT4 control 


Interrupt occurs 
at the rise edge 
of TIl4 (INT1) 


CAP1 at Tl4 rise 


at the fall edge 
of TIl4 (INT1) 
input. 


Interrupt occurs 
at the rise edge Af 
of TI4 (INT1) 

input. 


Timer flip-flop 5 (TFF5) invert trigger 


CAP2T5 : 
EQ5T5 


Trigger disable (Invert Prohibition) 


Trigger enable (Invert permission) 


Invert when the up-counter value is loaded to CAP2 
: Invert when the up-counter matches TREG5S 


Figure 3.9 (4). 16-Bit Timer Mode Controller Register (T4MOD) (2/2) 
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T4FFCR 
(0039H) 
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TFFSC1 : TFFSCO : CAP2T4 : CAPIT4 | EQST4 | EQ4T4 | TFFAC1 | TFFACO 


00: Invert TFFS iTFF4 invert trigger :00: Invert TFF4 


01: Set TFFS £0: Disable trigger :01 : Set TFF4 
10:Clear TFF5S : 1: Enable trigger :10: Clear TFF4 


: : : : *11: don‘t care 
jnvertwhen :invertwhen :invertwhen :Invertwhen : 


Always read as"11". theUCvalue : the UC value ‘the UC ‘the UC :% Always read as 


11: don’t care 


isloadedto isloadedto ‘matches imatches en i he 
cAp2 CAP ITREGS STREGS 


sal 


L Timer flip-flop 4 (TFF4) control 


00 |Inverts the TFF4 value (software inversion). 


01 |Sets TFF4 to “1”. 


10 |Clear TFF4 to “0”. 


Trigger disable (Invert prohibition) 


Trigger enable (Invert permission) 


CAP2T4 : Invert when the up-counter value is loaded to CAP2 
CAP1T4 : Invert when the up-counter value is loaded to CAP1 
EQ5T4_ : Invert when up-counter matches TREGS 
EQ4T4_ : Invert when up-counter matches TREG4 
Timer flip-flop 5 (TFF5) control 

Inverts the TFF5 value (software inversion). 


Set TFF5 to “1”. 
Clear TFF5 to “0”. 


Don’t care (Always read as “11".) 


Figure 3.9 (5). 16-Bit Timer 4 F/F Control (T4FFCR) 
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| TSCLK1 : TSCLKO 


R/W 


After reset : i i : : en eee 


he jt: ae : Timer 5 source clock 
: Disable : ear : 
‘ HN INTG occurs at riseedge. : Enable : 00: TI6 
reactor pi :T6f = TI7F : : 01: ¢T1 
INT6 occurs at rise edge. = 10: ¢T4 
:Tl6T = THEY : : : 
INT6 occurs at fall edge. : ‘ 11: 6716 
HV1ITRRID « TRFLY 
INT4 occurs at rise edge. : 


Timer 5 input clock 
External clock (TI4) 
éT1 (8/ fc) 
$74 (32/ fc) 
¢1 16 (128/ fc) 


Figure 3.9 (6). 16-Bit Timer Mode Control Register (TSMOD) (1/2) 
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a 
rsMoo 


(0048H) Read/Write 


! TSCLK1 : TSCLKO 


:0: Soft- :Capture timing i: Ucs 
Capture :00: Disable : Clear : 
: INT6occursatriseedge. : Enable : 
01: Tiet = TIT : 
}  INT6 occurs at rise edge. : 
10: Tiet Tey ; 
:  INT6 occurs at fall edge. : 
EVI: TRFID «TRFIY : 
:  INT4@ occurs at rise edge. : 


Timer 5 Capture timing 


Capture control 


00 |Capture disable 


U____., Software capture 


‘ CAP3 at TI6 rise 
1 
CAP4 at TI7 rise 
CAP3 at TI6 rise 
10 
CAP4 at TI6 fall 
CAP3 at TFF1 rise 
MN CAP4 at TFF1 fall 


Interrupt occurs 
at the rise edge 


see | Interrupt occurs 


at the rise edge 
of TI6 (INT6) / | 


input. 


Always read as “1”. 


Q |The up-counter 5 value is loaded to CAP3. 


Figure 3.9 (7). 16-Bit Timer Mode Control Register (TSMOD) (2/2) 


TMP95C061 


TOSHIBA CORPORATION 


99 


TMP95C061 


EQ6T6 


TSFFCR i_TFF6CO 


(0049H) Read/Write 


After reset 


i TFF6C1 


: TFFG invert trigger :00: Invert TFF6 


0: Disable trigger (01:Set_ —TFF6 
: 1: Enable trigger :10: Clear TFF6 


; : : : 11: don't care 
iInvertwhen ‘Invertwhen :Invertwhen :Invertwhen : 


ithe UC value ithe UC value : the UC ithe UC DX Always read as 


Function 


tis loaded to tis loaded to : matches i matches i mA 
icapa :CAP3 :TREG7 :TREG6 : 


Timer flip-flop 6 (TFF6) control 
Inverts the TFF6 value (software inversion). 
Sets TFF6 to “1”. 

Clear TFF6 to “0”. 


Don’t care (Always read as “11") . 


Trigger disable (Invert prohibition) 


Trigger enable (Invert permission) 


CAP4T6 : Invert when the up-counter value is loaded to CAP4 
CAP3T6 : Invert when the up-counter value is loaded to CAP3 
EQ7T6 : Invert when up-counter matches TREG7 
EQ6T6 : Invert when up-counter matches TREG6 


Figure 3.9 (8). 16-Bit Timer 5 F/F Control (T5FFCR) 
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T45CR 
(003AH) 


Figure 3.9 (9). 16-Bit Timer (Timer 4, 5) Control Register (T45CR) 


TRUN 
(0020H) 


Read/Write 


After reset 


PGOT DB6EN 


:PG1 shift 


:PGO shift 


Write “0” : : 
‘Trigger iTrigger 


Always : iB bk toca bi :0: Disable 
read as : Timer Trigger:timer Trigger: 1: Enable 
“ne i 3(T : Hy 

0 : :3 (Timer 2, 3) :1Timer0, 1) : Double 


M1: 16bit 1: 16bit ‘ buffer of 
i Timer Trigger: Timer Trigger: TREG6 
(TimerS) —i(Timer4) 


DB4EN 


DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 


| T3RUN : T2RUN : TIRUN : TORUN 


Prescaler & Timer Run/ Stop CONTROL 


Function 0: Stop & Clear 


1: Run (Count up) 


Operation of 16-bit timer (Timer 4) 


Stop & clear 


Operation of 16-bit timer (Timer 5) 


Q |Stop & clear 


1 


Figure 3.9 (10). Timer Operation Control Register (TRUN) 
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@® Up-counter (UC16) 


UC16 is a 16-bit binary counter which counts up 
according to the input clock specified by TAMOD 
<T4CLK1, O> register or TSMOD <T5CLK1, O> register. 
As the input clock, one of the internal clocks @11, oT4, 
and @TI6 from 9-bit prescaler (also used for 8-bit 
timer), and external clock from TI4 pin (also used as 
PBO/INT4 pin) and TI67 pin (also used as PB4/INT6 
pin) can be selected. When reset, it will be initialized to 
<T4CLK1, 0>/<T5CLK1, O> = 00 to select T14, TI6 
input mode. Counting or stop and clear of the counter 
is controlled by timer operation control register TRUN 
<T4RUN>, <T5RUN>. 

When clearing is enabled, up-counter UC4/UC5 will be 
cleared to zero each time it coincides or matches the 


TREG4 


000031H 000030H 


TREG6 


Upper 8 bits | Lower 8 bits 


000041H 000040H 


The timer register TREG4/TREG6 make double buffer 
structure, which are paired with register buffer. The 
timer control register T45CR <DB4EN, DB6EN> con- 
trols whether the double buffer structure should be 
enabled or disabled. : disabled when <DB4EN, DB6EN> 
= 0, while enabled when <DB4EN, DB6EN> = 1. 
When the double buffer is enabled, the timing to transfer 
data from the register buffer to the timer register is at 
the match between the up-counter (UC4 and UCS5) 
and timer register TREG5 and TREG7. 

When reset, it will be initialized to <DB4EN, DB6EN> = 
O, whereby the double buffer is disabled. To use the double 
buffer, write data in the timer register, set <DB4EN, 
DB6EN> = 1, and then write the following data in the regis- 
ter buffer. 


CAP 1 


000035H 000034H 


CAP 3 


000045H 000044H 


timer register TREG5, TREG7. The “clear enable/dis- 
able” is set by TAMOD <CLE> and TS5MOD <CLE>. 
If clearing is disabled, the counter operates as a free- 
running counter. 


@ Timer Registers 


These two 16-bit registers are used to set the value of 
counter. When the value of up-counter UC4/UC5 
matches the set value of this timer register, the com- 
parator match detect signal will be active. 

Setting data for timer register (TREG4, TREG5/TREG6 
and TREG7) is executed using 2 byte data load 
instruction or by using 1 byte data load instruction 
twice for lower 8 bits and upper 1 bits in order. 


TREG5 


Upper 8 bits | Lower 8 bits 


000033H 000032H 


TREG7 


Upper 8 bits | Lower 8 bits 


000043H 000042H 


TREG4, TREG6 and register buffer are allocated to the 
same memory addresses 000030H/000031H and 
000040H/000041H. When <DB4EN, DB6EN> = 0, the 
same value will be written in both the timer register and 
the register buffer. When <DB4EN, DB6EN> = 1, the 
value is written into only the register buffer. 

Since the timer register is indeterminate after a reset, 
always write data to higher and lower bits. 

@® Capture Register (CAP1 and CAP2) 


These 16-bit registers are used to hold the values of 
the up-counter. 

Data in the capture registers should be read by a 2- 
byte load instruction or two 1- byte data load instruction, 
from the lower 8 bits followed by the upper 8 bits. 


CAP 2 


000037H 000036H 


CAP 4 


Upper 8 bits | Lower 8 bits 


000047H 000046H 
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® Capture Input Control Circuit 


This circuit controls the timing to latch the value of 
up-counter UC4/UC5 into (CAP1, CAP2/CAP3, 
CAP4). The latch timing of capture register is controlled by 
register TAMOD <CAP12M1, O>/T5MOD <CAP34M1, 
O>. 


e When T4MOD <CAP12M1, 0>/TS5MOD <CAP34M1, 
O> = 00 

Capture function is disabled. Disable is the default on 

reset. 


e When T4MOD <CAP12M1, O0>/TS5MOD <CAP34M1, 
O>=01 

Data is loaded to CAP1/CAPS at the rise edge of Tl4 

pin (also used as PBO/INT7) input, while data is loaded 

to CAP2/CAP4 at the TI5 pin (also used as P81/INT5) 

and TI7 pin (also used as PB5/INT7) input. (Time differ- 

ence measurement) 


e When T4MOD <CAP12M1, O>/TS5MOD <CAP34M1, 
O>= 10 

Data is loaded to CAP1/CAP38 at the rise edge of the 

TI4 pin/TI6 pin input, while data is loaded to CAP2/CAP4 

at the fall edge. Only in this setting, interrupt INT4/INT6 

occurs at fall edge. (Pulse width measurement) 


e When T4MOD <CAP12M1, O>/TSMOD <CAP34M1, 
O> = 11 

Data is loaded to CAP1/CAPS at the rise edge of timer flip- 

flop TFF1, while to CAP2/CAP4 at the fall edge. 


Besides, the value of up-counter can be loaded to 
capture registers by software. Whenever “O” is written 
in TAMOD <CAPIN>, TSMOD <CAPS8IN>, the current 
value of up-counter will be loaded to capture register 
CAP1/CAPS. It is necessary to keep the prescaler in 
RUN mode (TRUN <PRUN> to be “1”). 


© Comparator 
These are 16-bit comparators which compare the up- 
76543210 


TRIN ¢-X-0---- 
INTET45 © 11001000 


Stop timer 4. 
Enable INTTRS and sets interrupt level 4. Disable 


INTTR4. 


T4FFCR © 11000011 
T4moD «©001001** 

(** =01, 10, 11) 
TREG5S ~** & & ke ee KH Fe 


* ek kK RK KK 


TRUN 2 XS Levees = 


Note: X;don’t care -;no change 
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counter UC4/UC5 value with the set value of (TREG4, 
TREG5, TREG5/TREG6, TREG7) to detect the match. 
When a match is detected, the comparators generate 
an interrupt (INTTR4, INTTRS/INTTR6, INTTR7), respec- 
tively. The up-counter UC4/UCS5 is cleared only when 
UC4/UC5 matches TREG5/TREG. (The clearing of up- 
counter UC4/UC5 can be disabled by setting T4MOD 
<CLE>/T5MOD <CLE> = 0). 


© Timer Flip-flop (TFF4/TFF6) 


This flip-flop is inverted by the match detect signal 
from the comparators and the latch signals to the cap- 
ture registers. Disable/enable of the inversion can be 
set for each element by TAFFCR <CAP2T4, CAP1T4, 
EQ5T4, EQ4T4> /T5FFCR <CAP 4T6, CAP3T6, 
EQ7T6, EQ6T6>. TFF5/TFFE6 will be inverted when 
“OO” is written in TAFFCR < TFF4C1, O>/T5FFCR < 
TFF6C1, O>. Also, it is set to “1” when “10” is written, 
and cleared to “O” when “10” is written. The value of 
TFF4 can be output to the timer output pin TO4 (commonly 
used as PB2)/TO6 (also used used as PB6). 


@ Timer Flip-flop (TFF5) 


This flip-flop is inverted by the match detect signal 
from the comparator and the latch signal to the cap- 
ture register CAP2. TFF5 will be inverted when “OO” is 
written in TAFFCR < TFF5C1, O>. Also, it is set to “1” 
when “10” is written, and cleared to “O” when “10” is 
written. The value of TFF5 can be output to the timer out- 
put pin TO5 (commonly used as P82). 


Note: This flip-flop (TFF5) is contained only in the 16-bit timer 4. 


16-bit Timer Mode 


Timer 4 and Timer 5 can be operated independently. Both 
can be operated all the same, so, Timer 4 is shown here 
for the purposes of illustration only. 

Generating interrupts at fixed intervals, the interval time 
is set in the timer register TREG5 to generate the inter- 
rupt INTTRS5. 


Disable trigger. 

Select internal clock for input and 
disable the capture function. 

Set the interval time (16 bits). 
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(2) 16-bit Event Counter Mode The counter counts at the rise edge of TI4 pin/TI6 pin 
input. 
In timer mode as described in above, the timer can be TI4 pin/TI6 pin can also be used as PBO/INT4 and 
used as an event counter by selecting the external PB4/INT6. 
clock (TI4 pin/TI6 pin input) as the input clock. To read Since both timers operate in exactly the same way, 
the value of the counter, first perform “software cap- timer 4 is used for the purposes of explanation. 
ture” once and read the captured value. 
76543210 
TRUN 2) Roe Oe ses Stop timer 4. 
PBCR SySia Sreises co 0 Set P80 to input mode 
INTET45 © 11001000 Enable INTTRS5 and sets interrupt level 4, while 
disables INTTR4. 
T4FFCR ©€ 1100001 Disable trigger. 
T4m0oD «00100100 Select TI4 as the input clock. 
TREGS Cx ke *& kK RK OK Set the number of counts (16 bits). 
*-* * ke Kk OK OK OK 
TRUN 4, heed oe ess Start timer 4. 
Note : When used as an event counter, set the prescaler in RUN mode. 
(8) 16-bit Programmable Pulse Generation (PPG) Output flio-flop TFF4 that is to be enabled by match of the up- 
Mode counter UC4 with the timer register TREG 4 or 5 and to 
be output to TO4 (also used as P82). In this mode, the 
Timer 4 and Timer 5 can be operated all the same, following conditions must be satisfied. 
Timer 4 is used for the purposes of explanation. 
The PPG mode is obtained by inversion of the timer (Set value of TREG4) < (Set value of TREGS) 
76543210 
TRUN Se a | ie Stop timer 4. 
TREG4 Cee KR KK OK OR OH Set the cuty. (16-Bit) 
~_* kk ek Kk kK K 
TREGR © we # & eK HK ® Set the cycle. (16-Bit) 
* ** ee OK OK 
T45CR © OXXX--- 1 Double Buffer of TREG4 enable 
(Change the duty and cycle at the interrupt INTTR5) 
T4FFCR ©€ 11001110 Set the mode to invert TFF4 at the match with 
TREG4/TREGS, and also set the TFF4 to “0”. 
T4M0D «001001 * * Select the internal cleck for the input, and disable 
(** =G1, 10, 11) the capture function. 
PBCR «¢----- 1- - 
PBFE eX-XX-1XX } Assign P82 as TO4. 
TRUN €°3. Ke De es Start timer 4. 
Note:X;don’t care -;no change 
Match with TREG4 
(interrupt INTTR4) 
Match with TREGS 
(interrupt INTTRS5) 
TO4 pin 
Figure 3.9 (11). Programmable Pulse Generation (PPG) Output Waveforms 
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When the double buffer of TREG4 is enabled in this TREG4 at match with TREGS. This feature makes easy 
mode, the value of register buffer 4 will be shifted in the handling of low duty waves. 


Match with TREG4 


Up-counter =Q, Up-counter = Q2 
Rates EEG? shift into the TREGS 
TREG4 
(value to be 
compared) 
Register buffer Q?2 Q3 


Write into the TREG4 


Figure 3.9 (12). Operation of Register Buffer 


TRUN<T4RUN> +04 (ppg output) TOS 


clear F/F F/F 
(TFF4) (TFF5) 


gT16 


Ti4_y 
oT1— 
gT4—| Selector 


T4MOD 
<T4CLK1,0> 


16-Bit Comparator i 


Selector 
TREG4-WR —>| 


T45CR<DB4EN> 


Internal bus 


Figure 3.9 (13). Block Diagram of 16-Bit PPG Mode 
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(4) Application examples of capture function 


Timer 4 and Timer 5 can be operated all the same, 
Timer 4 is used for the purposes of explanation 

The loading of up-counter (UC4) values into the capture reg- 
isters CAP1 and CAP2, the timer flip-flop TFF4 inversion 
due to the match detection by comparators CP4 and 
CP5, and the output of the TFF4 status to TO4 pin can 
be enabled or disabled. Combined with interrupt func- 
tion, they can be applied in many ways, for example: 


@ One-shot pulse output from external trigger pulse 
@ Frequency measurement 

@® Pulse width measurement 

@ Time difference measurement 


@ One-shot pulse output from external trigger pulse 


Set the up-counter UC4 in free-running mode with the 
internal input clock, input the external trigger pulse 
from Tl4 pin, and load the value of up-counter into the 
capture register CAP1 at the rising edge of TI4 pin. 
Then set to TAMOD <CAP12M1, O> = 01. 

When the interrupt INT4 is generated at the rising edge 
of TI4 input, set the CAP1 value (c) plus a delay time (d) 
to TREG4 (= c + d), and set the above set value (c + d) 
pulse a one shot pulse width (p) the TREG5S (= c + d + 
p). When the interrupt INT4 occurs the T4FFCR 
<EQ5T4, EQ4T4> register should be set that the TFF4 
inversion is enabled only when the up-counter value 
matches TREG4 or 5. When interrupt INTTR5 occurs, 
this inversion will be disabled. 


C Set the counter in free-running mode. 


Count clock JINN — FUL - ~ JA — tt - 


(internal clock) c+d+p 
TI4 pin input : 
(external trigger pulse) Ne Load the up-counter value into Capture 


Register 1 (CAP1) INT4 occurred 


Match with TREG4 


Match with TREGS 


Timer output pin TO4 


Inversion 
enable 


Disables inversion 
caused by loading 
of the up-counter 

i value into CAP1. 


1 Inversion 
| enable 


1 
| Pulse width 
>| <«<—_—_ —> 


Delay time 


7 INTTRS occurred 


<~— 


(d) 


(p) 


Figure 3.9 (14). One-Shot Output (with Delay) 
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Setting example: To output 2ms one-shot pulse with a 3ms delay to the external trigger pulse to TI4 pin. 


Main setting Keep counting (Free-runnig) 
= t, Countwith ¢T1. 


T4M0OD « --101001 

Load the up-counter value into CAP1 at the rise edge 
T4FFCR« 11000010 of TI4 pin input. 

eae Clear TFF4 to zero. 

Disable TFF4 inversion. 
PBCR + ---- - 1- - 
PBFC «© X-XX-1XX } Select PB2 as the TO4 pin. 
INTE45 © ----1100 Enable INT4, and disable INTTR4 and INTTR5. 
INTET45«€ 10001000 
| TRUN © 1X-1---- Start timer 4. 


Setting of INT4 


TREG4 ¢ CAP1+3 ms/¢T1 
TREGS ¢ TREG4+2 ms/gT1 


T4FFCRe ----11- - 
Sane Enable TFF4 inversion when the up-counter value 
matches TREG4 or 5. 
INTET45€ 1100--- - Enable INTTR5. 
Setting of INTS 
T4FFCRe ----00-- 
ie Disable TFF4 inversion when the up-counter value 
matches TREG4 or 5. 
INTET45«©§ 1000--- - Disable INTTRS. 
Note: X;don’t care -;no change 
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When delay time is unnecessary, invert timer flip-flop 

TFF4 when the up-counter value is loaded into capture 
register 1 (CAP1), and set the CAP1 value (c) plus the 
one-shot pulse width (p) to TREGS5 when the interrupt 


(internal clock) 


INT4 occurs. The TFF4 inversion should be enabled 
before the up-counter (UC4) value matches TREGS5, 
and disabled when generating the interrupt INTTR®5. 


Count clock LLIN LAN LAN 
c C+ 


TI4 pin input 
(external trigger pulse) Load the up-counter value into Capture 
Register 1(CAP1). INT4 occurred Load the up-counter value into 


Match with TREGS 


Inversion 
nable 


Timer output pin TO4 


7 


Enables inversion caused 
by loading of the up- 
counter value into CAP 1. 


1 
' 
' 
1 


(p) 


occurred 


Pulse width 


Capture Register 2 (CAP2). 


' 
1 
' 
I 
1 
1 
1 
' 
1 
' 
1 
1 
‘ 
1 


Disables inversion caused by loading of 
the up-counter value into CAP2. 


Figure 3.9 (15). One-Shot Pulse Output (without Delay) 


@ Frequency measurement 


The frequency of the external clock can be measured 
in this mode. The clock is input through the T14 pin, 
and its frequency is measured by using the 8-bit timers 
(Timer O and Timer 1) and the 16-bit timer/event 
counter (Timer 4). 

The T14 pin input should be selected for the input clock 


Count clock AL mo ee = LA 


(internal clock) 


TFFI 


Loading UC16 into CAP1 


Loading UC16 into CAP2 


of Timer 4. The value of the up-counter is loaded into 

the capture register CAP1 at the rise edge of the timer 
flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), and 
into CAP2 at its fall edge. 

The frequency is calculated by the difference between 
the loaded values CAP1 and CAP2 when the interrupt 
(INTTO or INTT1) is generated by either 8-bit timer. 


1 
TNTTO/INTT1 Se ee 


Figure 3.9 (16). Frequency Measurement 


For example, if the value for the level “1” width of TFF1 
of the 8-bit timer is set to 0.5 sec. and the difference 


between CAP1 and CAP2 is 100, the frequency will be 
100/0.5 [s] - 200 [Hz]. 
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@® Pulse width measurement 


This mode allows to measure the “H” level width of an 
external pulse. While keeping the 16-bit timer/event 
counter counting (free-running) with the internal clock 
input, the external pulse is input through the T14 pin. 
Then the capture function is used to load the UC4 val- 
ues into CAP1 and CAP2 at the rising edge and falling 


Count clock 
(internal clock) 


TI4 pin 
(external pulse) 


Loading UC16 into CAP1 
Loading UC16 into CAP2 


INT4 
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edge of the external trigger pulse respectively. The 
interrupt INT4 occurs at the falling edge of T1/4. 

The pulse width is obtained from the difference 
between the values of CAP1 and CAP2 and the internal 
clock cycle. 

For example, if the internal clock is 8.0 microseconds 
and the difference between CAP1 and CAP2 is 100, 
the pulse width will be 100 x 0.8us = 80us. 


Figure 3.9 (17) Pulse Width Measurement 


modes, it occurs at the rising edge. 


The width of “L” level can be measured from the difference 
between the first C2 and the second C1 at the second 
INT14 interrupt. 


@® Time difference measurement 


This mode is used to measure the difference in time 
between the rising edges of external pulses input 
through Tl4 and TI5. 


Keep the 16-bit timer/event counter (Timer 4) counting 
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Note: Only in this pulse width measuring mode (T4MOD <CAP12M1, 0> = 10), external interrupt INT1 occurs at the falling edge of Tl4 pin input. In other 


(free-running) with the internal clock, and load the UC4 
value into CAP1 at the rising edge of the input pulse to 
TI4. Then the interrupt INT1 is generated. 

Similarly, the UC4 value is loaded into CAP2 at the ris- 
ing edge of the input pulse to TI5, generating the inter- 
rupt INT2. 

The time difference between these pulses can be 
obtained from the difference between the time counts 
at which loading the up-counter value into CAP1 and 
CAP2 has been done. 
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Count clock ALAN 


(internal clock) 

TI4 pin input 

TIS pin input 

Loading UC16 into CAP1 


Loading UC16 into CAP2 


INT1 


INT2 


Time difference 


1 
1 
a ae 
‘ 


Figure 3.9 (18). Time Difference Measurement 


(5) Different Phased Pulses Output Mode 


In this mode signals with any different phase can be 
output by free-running up-counter UC4. 


Counter 
(free-running) 


Match with TREG4 


Match with TREGS 
TO4 


TO5 


Figure 3.9 (19). Phase Output 


Cycles (counter overflow time) of the above output 
waves are listed on Table 3.9 (2). The following table 
shows cycles (counter overflow) of the above output 
wave. 
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When the value in up-counter UC4 and the value in 
TREG4 (TREGS5) match, the value in TFF4 (TFF5) is 
inverted and output to TO4 (TOS). 


This mode can be used only in Timer 4. 


20MHz 25MHz 
oT 26.214ms 20.97ms 
a4 104.856ms 83.88ms 
9116 419.424ms 335.54ms 
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3.10 Stepping Motor Control/Pattern Generation Port 


TMP95C061 contains two channels (PGO and PG1) of 4-bit 
hardware stepping motor control/pattern generation (herein 
after called PG) which actuate in synchronization with the (8- 
bit/16-bit) timers. The PG (PGO and PG1) are shared in 8-bit |/ 
O ports P7. 

Channel 0 (PGO) is synchronous with 8-bit timer 2 or 
timer 3, 16-bit timer 5, to update the output. 

The PG ports are controlled by control registers 
(PGO1CR) and can select either stepping motor control mode 
or pattern generation mode. Each bit of the P7 can be used as 


Different Points between PGO and PG1 


TMP95C061 


the PG port. 

PGO and PG1 can be used independently. 

All PG operate in the same manner except the following 
points, and thus only the operation of PGO will be explained 
below. 

Different Points between PGO and PG1 


PGO PG1 
Tans: Signal from 8-bit timer 0,1 or | from 8-bit timer 2, 3 or 
I99@r vig 16-bit timer 4 16-bit timer 5 


1-2 excitation 


— 


Internal Bus 


Figure 3.10 (1). 
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P73 /PG03 
(P77 /PG13) 


[] P62/PGo2 
(P76 /PG12) 


Reverse 
Rotaion 


—c 
eo 
ae 
os 

° 
“=¢ 


P61/PG01 
=) (P75/PG11) 


[] P60 /PGOO 
(P74/PG10) 


PG Block Diagram 
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PGOICR | bit Symbol 
(004EH) Read/Write 


After reset 


Function 


PG1 write 
mode 


0: 


:PG1 :PG1 mode :PG1 
:Rotaing _(excitation):trigger :mode 
idirection :0: texcitation:input 


0: Normal : 


ccwt : PGIM : PGITE | PATO } CcWO : PGOM : PGOTE 


:PGOwrite :PGO :PGO mode :PGO 
:Rotaing (excitation):trigger 
idirection 0: texcitatioxinput 

: or tenable 


.: excitation: é 
rotation:, “©*“"*"°"9: disable 


i1: Reverse: ° 1: enable 
: . : excitation : 
rotation: : 


‘0: Bbit 


va citatio ees : write 20: Normal : 
ae xcitation: - : : 
: :0: le: H 
rotation:,, 0: disable 5. abit 


Reverse: ° ‘t:enable : f 
~ 3 excitation : : write 
rotation: 3 7 


Trigger input disable to PGO 


Trigger input enable to PGO 


1 or 2 excitation (full step) 


1-2 excitation (half step) / PG mode 


PGO (stepping motor control) 
Rotaing direction control 


Normal rotation / PG mode 


Reverse rotation 


8-bit write 


4-bit write / PG mode 
(Only shifter alternate register can be 
written.) 


Figure 3.10 (2a). Pattern Generation Control Register (PGO1CR) 
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ee 
(oat 


PG1IM PGITE PATO i ccwo PGOM PGOTE 


PGI PGI mode PGI 


:Rotaing 
edirection 0: lexcitation:input : - Bbit 


:0: 


i1: Reverse 2° 


:PGOwrite :PGO :PGO mode :PGO 
imode :Rotaing (excitation): trigger 
idirection :0: texcitatiog input 
: write :0: Normal : - feces 

"0: disable : ‘ : rotation:, “9: disable 
i id: 4bit : 1: 1- : 
?1: enable | . 1: Reverse : :1: enable 
excitation : : write os 

: ; rotation: 


‘(excitation):trigger 


or tenable 


Normal : 
i 2excitation: 


rotation:,. 


. : excitation: 
rotation: ne : 


PG1 trigger input enable 
Trigger input disable to PG1 


Trigger input enable to PG1 


1-2 excitation (half step) / PG mode 


PG1 (stepping motor control) 


Rotaing direction control 


Normal rotation / PG mode 


Reverse rotation 


8-bit write 


4-bit write / PG mode 
(Only shifter alternate register can be 
written.) 


Figure 3.10 (2b). Pattern Generation Control Register (PGO1CR) 


TOSHIBA CORPORATION 


113 


TMP95C061 


SA03 


SA02 SA01 


PGOREG | bit Symbol : pGo2 : PGO1 : PGOO : : : i 
(Q0ach) 
; en Undefined 


After reset 0 : 0 : 0 
Pattern Generation 0 (PGO) output 


latch register 


Reading the P7 that is set to the 
PG port allows to read-out. : 


Function 


Prohibit Read 
modify write 


:Shift alternate register 0 
:For the PG mode (4-bit write) register 


Figure 3.10 (3). Pattern Generation 0 Register (PGOREG) 


J] 
Pi? Patt 


PG1REG 


SA12 SA11 


R/W 


(004DH) 


Pattern Generation 1 (PG1) output 
latch register 


PG port allows to read-out. 


Prohibit Read 
modify write 


ss the P7 that is set to the ) 


Undefined 


:Shift alternate register 1 
:For the PG mode (4-bit write) register 


Figure 3.10 (4). Pattern Generation 1 Register (PG1REG) 
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(003AH) Read/Write 


After reset 


Function 


Fixat "0" : 
Always : 
read as: 


“on 


PGIT : PGOT : DB6EN : DB4EN 


R/W 


PGIShift :PGOShift : Double buffer 
trigger :trigger 0: Disable 

D:8-bit timer :0:8-bittimer : 1: Enable 

? trigger 3 : trigger 1 i 

: (timer2, 3) i (timerO, 1) 3 Double : Double 
1: 16-bit timer: 1: 16bit timer: buffer of : buffer of 
; trigger : tigger =: TREG6 =| TREGA 

: (timerS) =: (timer4) : 


Disable 


Enable 


DBG6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 


eee Selecting PGO shift trigger 


0 8-bit timer trigger (timer 0, 1) 


1 16-bit timer trigger (timer 4) 


—————————* Selecting PG1 shift trigger 


0 8-bit timer trigger (timer 2, 3) 


16-bit timer trigger (timer 5) 


> Write “0” to this bit, when this register is modified. 


Figure 3.10 (5). 16-bit Timer Trigger Control Register (T45CR) 
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[ “saastcescre Ul es 
8-Bit timer 
(timer 0, 1) LA 
aa ac Select }—»| PG? zs Port70 to 73 
a B S| eee eae 
16-Bit timer 4 4 
PGOT —— 
SS Es 
8-Bit timer EE as 
(timer 2, 3) PG1 Port74 to 77 
tbl hit ed EY Select }-——> ‘ed 
— »—___»+/B § -—> 
16-Bit timer 5 i 
PG1T 


Figure 3.10 (6). Connection of Timer and Pattern Generator 


Pattern Generation Mode 


PG functions as a pattern generation according to the 
setting of PGO1CR <PAT1>. In this mode, writing from 
CPU is executed only on the shifter alternate register. 
Writing a new data should be done during the interrupt 
operation of the timer for shift trigger, and a pattern can 
be output synchronous with the timer. 


Trigger Signal from Timer 
‘Timer Interrupt 


In this mode, set PGO1CR <PGOM> and <PG1M> to 
1, and PGO1CR <CCWO> and <CCW1> to 0. 

The output of this pattern generator is output to port 7; 
since port and functions can be switched on a bit basis 
using port 7 function control register P7FC, any port 
pin can be assigned to pattern generator output. 
Figure 3.10 (7) shows the block diagram of this mode. 


Writing data to SA3 to 00 o1 
| Timer Interrupt 
Se ee A Te awe ere 
output Shifting data from 
(SA03 to 00) SA03 to 00 to PGO3 to 00 


Pattern Generator register n+1 n+2 


output 
(PGO3 to 00) 


Example of pattern generation mode 
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| Shift alternate register fer) 
BUS3 
PGO2 
(P72) 
> 
a 
_| Bus2 perk 
oO 
a PGO1 
iF (P71) 
- 
BUS1 
PGOO 
(P70) 
BUSO 
rn) 
Shift due to the shift trigger from timer 
Figure 3.10 (7). Pattern Generation Mode Block Diagram (PGO) 
In this pattern generation mode, only writing the output mode. Accordingly, the data shifted by trigger signal from a 


latch is disabled by hardware, but other functions do the same timer must be written before the next trigger signal is outou 
operation as 1-2 excitation in stepping motor control port 
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(2) Stepping Motor Control Mode Figure 3.10 (8) and Figure 3.10 (9) show the output 
waveforms of 4-phase 1 excitation and 4-phase 2 
are excitation, respectively, when channel O (PGO) is 
® 4-phase 1-Step/2-Step Excitation P a ( ) 
selected. 
Trigger signal 
from timer a l] ] I] I] I] I] 
b4 b7 b6 b5 b4 
PGOO (P70) 
bS b4 b7 b6 b5 
PGO1 (P71) 
PG02(P72) 86 b5 b4 b7 b6 
pG03(P73) _b7 b6 b5 b4 b7 
{ 
Initial value PGOREG — 0100x x x x 
Note: bn indicates the initial value of PGOREG < b7 b6 bd b4X X X X 
@ Normal Rotation 
Trigger signal 
from timer [] a ll] l] a l] l] 
bs b6 b7 b4 
PGOO (P70) 
b6 b7 b4 bS 
PGO1 (P71) 
PG02 (P72) 96 b7 b4 bS b6 
pGo3 (P73) 67 b4 b5 b6 b7 
t 
Initial value PGOREG — 0100x x x x 
@ Reverse Rotation 
Figure 3.10 (8). Output Waveforms of 4-Phase 1-Step Excitation (Normal Rotation and Reverse Rotation) 
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Trigger signal 


from timer l] l] f] l] I I] I] 


nG00 670) : b4 b7 b6 bS b4 
sess Wirth b4 b7 b6 bS 
PG02 (P72) 2 b6 b5 b4 b7 b6 
PG03 (P73) : b7 b6 bS b4 b7 


Initial value PGOREG — 1100 x x x x 


Figure 3.10 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation) 


The operation when channel 0 is selected is explained 1-step excitation will be selected when only one bit is 
below. set to “1” during the initialization of PG, while 4-phase 
The output latch of PGO (also used as P6) is shifted at 2-step excitation will be selected when two consecu- 
the rising edge of the trigger signal from the timer to be tive bits are set to “1”. 

output to the port. The value in the shift alternate registers are ignored 
The direction of shift is specified by PGO1CR when the 4-phase 1-step/2-step excitation mode is 
<CCWO>: Normal rotation (PGO0 > PGO1 > PG02 > selected. 

PGO3) when <CCWO> is set to “O”; reverse rotation Figure 3.10 (10) shows the block diagram. 


(PGOO + PGO1 + PGO2 <— PGO8) when “1”. 4-phase 


PGO Output latch 


Shift alternate Register 


b7 


<== _]PG03 (P73) 


bus 


(_]PG02 (P72) 


(_]PG01 (P71) 


Internal 


(_] PGo00 (P70) 


| is showing to shift the signal at the 
rising edge of trigger signal from 
timer. 


Figure 3.10 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation (Normal Rotation) 
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@ 4-Phase 1-2 Step Excitation Figure 3.10 (11) shows the output waveforms of 4- 
phase 1 -2 step excitation when channel 0 is selected. 


Trigger signal 
from timer i] [] fl] I] f] l] [] 


b0 b7 b3 b6 b2 bS bi 
PGOO (P70) 
bl b4 b0 b7 b3 b6 b2 
PGO1 (P71) 
pG02(P72) 6 b2 b5 bl b4 b0 b7 b3 
b0 
pGo3 (P73) 87 b3 b6 b2 b5 bi b4 


Initial value PGOREG < 11001000 


Note: bn denotes the initial value PGOREG < b7 bG b5 b4 b3 b2 bl b0 


® Normal Rotation 


Trigger signal 


from timer l] I fl a I] l] f] 


b1 b5 b2 b6 b3 b7 b0 
PGOO (P70) 
2 bS b2 b6 b3 b7 bO b4 b1 
PGO1(P71) 
be b3 b7 bo b4 b1 bS b2 
PGO2(P72) 
bo b4 b1 bS b2 b6 b3 


PGo3(P73) 5” 
Initial value PGOREG <— 11001000 


@ Reverse Rotation 


Figure 3.10 (11). Output Waveforms of 4-Phase 1-2 Step Excitation (Normal Rotation and Reverse Rotation) 
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The initialization for 4-phase 1-2 step excitation is as 
follows: 

By rearranging the initial value “b7 b6 b5 b4 b3 b2 b1 
b0” to “b7 b3 b6 b2 bd b1 b4 bO”, the consecutive 3 
bits are set to “1” and other bits are set to “O” (positive 
logic). 

For example, if 7, 63, and b6 are set to “1", the initial 
value becomes “11001000”, obtaining the output 
waveforms as shown in Figure 3.10 (11). 

To get an output waveform of negative logic, set values 
1’s and O’s of the initial value should be inverted. For 


Shifter alternate 
register 
b7 


bus 


Internal 


TMP95C061 


example, to change the output waveform shown in 
Figure 3.10 (11) into negative logic, change the initial 
value to “00110111”. 

The operation will be explained below for channel 0. 
The output latch of PGO (shared by P7) and the shifter 
alternate register (SAO) for Pattern Generation are 
shifted at the rising edge of trigger signal from the timer 
to be output to the port. The direction of shift is set by 
PGO1CR <CCWO>. 

Figure 3.10 (12) shows the block diagram. 


PGO Output 


PGO3 is PGO3 (P73) 


PGO2 (P72) 


PGO1 (P71) 


PGOO (P70) 


Fis showing to shift the signal at the rising 


edge of trigger signal from the timer. 


Figure 3.10 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation) 
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Setting example: To drive channel 0 (PGO) by 4-phase 1-2 timer O is selected, set each register as follows: 
step excitation (normal rotation) when 


76543210 
TRUN ¢€ -X----- 0 Stop timer 0, and clear it to zero. 
TOD «© 00XX--01 Set 8-bit timer mode and select ¢T1 as the input clock of timer 0. 
TFFCR «XXX01010 Clear TFF1 to zero and enable the inversion trigger by timer 0. 
TREGO: e-*. * #8 # ee Set the cycle in timer register. 
P7CR «© ----1111 Set P70 to P73 bits to the output mode. 
P7FC e - ---1111 Set P70 to P73 bits to the PG output. 
PGOICR« ----0011 Select PGO 4-phase 1-2 step excitation mode and normal rotation . 
PGOREG « 001000 Set an initial value. 
TRUN © 1X ---- - 1 Start timer 0. 
Note: X;don’tcare -;nochange 
(3) Trigger Signal From Timer not equal to the trigger signal of timer flip-flop (TFF1, 
TFF4, TFF5, and TFF6) and differs as shown in Table 
The trigger signal from the timer which is used by PG is 3.10 (1) depending on the operation mode of the timer. 
Table 3.10 (1) Select of Trigger Signal 
TFF1 Inversion PG Shift 
8-bit timer mode Selected by TFFCR <TFF1IS> when the up-counter value matches _ 
TREGO or TREG1 value. 
16-bit timer mode When the up-counter value matches with both TREGO and TREG1 es 
values. (The value of up-counter = TREG1*2° + TREGO) 
PPG output mode When the up-counter value matches with both TREGO and TREG1. | When the up-counter value matches TREG1 value (PPG cycle). 
PWM output mode When the up-counter value matches TREGO value and PWM cycle. | Trigger signal for PG is not generated. 


Note: To shift PG, TFFCR <FF1IE> must be set to “1” to enable TFF1 inversion. 


Channel 1 of PG can be synchronized with the 16-bit trigger is generated when the value in UC4 and the 
timer Timer 4/Timer 5. In this case, the PG shift trigger value in TREG5 match. When using a trigger signal 
signal from the 16-bit timer is output only when the up- from Timer 5, set TSFFCR <EQ7T6> to 1. Generates a 
counter UC4/UC5 value matches TREG5/TREG7. trigger when the value in UC5 and the value in TREG7 
When using a trigger signal from Timer 4, set either match. 


T4FFCR <EQ5T4> or TAMOD <EQ5ST5> to “1” and a 
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(4) Application of PG and Timer Output To drive a stepping motor, in addition to the value of 
each phase (PG output), synchronizing signal is often 
As explained in “Trigger signal from timer’, the timing required at the timing when excitation is changed over. 
to shift PG and invert TFF differs depending on the In this application, port 7is used as a stepping motor 
mode of timer. An application to operate PG while control port to output a synchronizing signal to the 
operating an 8-bit timer in PPG mode will be explained TO1 pin (shared by PA2). 


below. 


|«—_—_—________- 


TREG1 
TO1 (PA2) SnD § Ese reer | Lae | eres (i 


TREG 
PGOO (P70) pa eS 
PGO1 (P71) ee es ee 


PGO2 (P72) | | 
PGO3 (P73) | | 


Figure 3.10 (13). Output Waveforms of 4-Phase 1-Step Excitation 


Setting example: 


76543210 
TRUN ¢-X----00 Stop timer 0, and clear it to zero. 
TOD © 10XXXXO01 Set timer 0 and timer 1 in PPG output mode and select 
¢T1 as the input clock. 
TFFCR «+ XXXOO011 Enable TFF1 inversion and set TFF1 to “1”. 
TREGO «* * * *# * Hw & Set the duty of TO1 to TREGO. 
TREGl «© * * *# *# * # & & Set the cycle of TO1 to TREG1. 
PACR © XXXX--1- 
PAFC © XXXX--1X } Assign PA2 as TO1. 
P7CR eis 5 She 1st 1-1 
BFC! E56 eng pag } Assign P70 to 73 as PGO. 
PGOICR+# ----Q001 Set PGO in 4-phase 1-step excitation mode. 
PGOREG « * * * * * # & # Set an initial value. 
TRUN © 1X--+--11 Start timer 0 and timer 1. 
Note: X;don’t care -;no change 
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3.11 Serial Channel The serial channel has the following operation modes: 
TMP96C061 contains two serial Input/Output channels. 


-- @ //O interface mode Mode 0: To transmit and receive I/O data as well as 
the synchronizing signal SCLK for extending I/O. 


—— Mode 1: 7-bit data 


__ @ Asynchronous transmission —t._ Mode 2:  8-bit data 
(UART) mode L. Mode 3: 9-bit data 
In mode 1 and mode 2, a parity bit can be added. Mode Figure 3.11 (1) shows the data format (for one frame) in 
3 has wake-up function for making the master controller start each mode. 


slave controllers in serial link (multi-controller system). 


@ Mode 0 (I/O interface mode) 


~<— Transfer direction 
@ Mode 1 (7-bit UART mode) 


Fonoaond6. 
Foneaanea =” 


@ Mode 2 (8-bit UART mode) 


son foo KYO KEKE NT Yo 
Tooanonnoe > 


@ Mode 3 (9-bit UART mode) 


son foe X XENON TE 
Fooonncanea sf 


ec peeping iA een 
When bit 8 = 1, address (select code) is denoted. 
When bit 8 = 0, data is denoted. 


Figure 3.11 (1). Data Formats 
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The serial channel has a buffer register for transmitting 
and receiving operations, in order to temporarily store trans- 
mitted or received data, so that transmitting and receiving 
operations can be done independently (full duplex). 

However, in I/O interface mode, SCLK (serial clock) pin is 
used for both transmission and receiving, the channel 
becomes half-duplex. 

The receiving data register is of a double buffer structure 
to prevent the occurrence of overrun error and provides one 
frame of margin before CPU reads the received data. The 
receiving data register stores the already received data while 
the buffer register receives the next frame data. 

By using CTS and RTS (there is no RTS pin, so any one 
port must be controlled by software), it is possible to halt data 
send until CPU finishes reading receive data every time a frame 
is received (Handshake function). 

In the UART mode, a check function is added not to start 
the receiving operation by error start bits due to noise. The 
channel starts receiving data only when the start bit is 
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detected to be normal at least twice in three samplings. 

When the transmission buffer becomes empty and 
requests the CPU to send the next transmission data, or when 
data is stored in the receiving data register and the CPU is 
requested to read the data, INTTX or INTRX interrupt occurs. 
Besides, if an overrun error, parity error, or framing error occurs 
during receiving operation, flag SCOCR/SC1CR <OERR, 
PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate gen- 
erator, which can set any baud rate by dividing the frequency 
of four clocks (@T0, @T2, 18, and @T32) from the internal pres- 
caler (shared by 8-bit/16-bit timer) by the value 2 to 16. 

In I/O interface mode, it is possible to input synchronous 
signals as well as to transmit or receive data by external clock. 


3.11.1 Control Registers 


The serial channel is controlled by three control registers 
SCOCR, SCOMOD, and BROCR. Transmitted and received 
data is stored in register SCOBUF. 


125 


TMP95C061 


bit Symbol 
SCOMOD 


(0052H) 
After reset 


Function 


Note: 


Read/Write 


Transfer : 
data 


:0:CTS 
: disable : 
i1:CTS 
enable : 


:Receivini 
Function 
Bits: j0: 
: i: 


Wake up Serial transmission 


‘Function mode 
‘00: /O interface :00: 
: disable: | mode 01: 

:4: Enable 01: 7-bit UART : 
: ‘10: 8-bit UART 410 
111: 9-bit UART a1: 


:9- 


: 8-bit length 


‘Serial transmission 
‘clock (UART) 

00: TO2 Trigger 
baud rate 
generator 

: Internal clock 1 
don’t care 


Serial transmission clock (UART) 


Timer 2 match detect signal 


Interrupt only 
when RB8 = 1 


Receiving Function 


don’t care 


0 | Receive Disable 


Dis 


Enable 


> Transmission data bit 8 


There is SC1MOD (56H) in Channell 


Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD) 
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SCOCR 
(0051H) 


bit Symbol ; i PE OERR ; PERR : FERR 


: R( cleared to Zero when read) : 


After reset 


Received : ‘Parity : Parity : :0: SCLKO 0: 
data :0:Odd addition | : _ 7) 3s Rate 
Bits :1:Even 0: Disable: i ‘ : Generator 
Function '1: Enable | i : :SCLKO :1: SCLKO 
: : ; Overrun : Parity i Framing: oR a2: 
ee ee a ee ae ® 


Select I/O interface input clock (Note!) 


Baud rate generater 


SCLKO Pin input 


Edge selection in SCLK pin input mode 


Transmits and receives( __4 ) 
data at raise edge of SCLK 


Transmits and receives( ~ }_) 
data at fall edge of SCLK 


Framing error flag 
U———> Parity error flag 


—————> Overrun error flag 


Cleared to Zero 
when read. 


_—____—_—__—-> Enable parity addition 


0 |Prohibition (disable) 


Permission (enable) 


U____________—__s- addition / check of even parity 


Odd parity 


Even parity 


Receving data bit 8 


Note: Serial control register for channel 1 is SC1CR (55H). 
Note: As all error flags are cleared after reading do not test only a single bit with a bit- 
testing instruction. 


Figure 3.11 (3). Serial Control Register (Channel, SCOCR) 
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BROC : BROCKO : BROS3 : BROS2 : BROS1 : BROSO 


: BROCK1 
(0053 : 


xin 


) 


Fix at "0": i 
: : 00: gT0 (4/fc) 
; O1: gT2 (16/fc) : Setting of the Divided frequency 
: 10: ¢T8 (64/fc) 
i 11: $732 (256/fc) 


Setting of the divided frequency 
of baud rate generator 


16 divisions 


2 to 15 divisions 


Selecting the input clock of 
baud rate generator 


Internal clock ¢T0 (4/fc) 


Internal clock gT2 (16/fc) 


Internal clo 


Internal clock gT32 (256/fc) 


Note: Set TRUN<PRRUN> to‘l’ when the baud rate generator is used. 


Figure 3.11 (4). Serial Channel Control (Channel 0, BROCR) 


7 6 5 4 3 2 1 0 


(Transmission) 


SCOBUF 


(50H) 
6 5 4 3 2 1 ) 


RB7 RB6 | RBS RB4_ RB3_ RB2_ RB1 - RBO | (Receiving) 


Figure 3.11 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF) 
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a 


Transtered : Fix at “0” :Receiving :Wake up ‘Serial Transmission 


data : :Function Function imode clock 
Bits: :0: Receive: 0: disable :00: I/O interface 
H disable : 1: enable : 


Ms Receive: 
Enable : 


‘Serial Transmission 

(UART) 

: TO2 Trigger 

: Baud rate 
generator 


mode 
: 7-Bit UART 
: 8-Bit UART 
: 9-Bit UART 


: Internal clock 1 


: don’t care 


Baud rate generator 


Internal clock 1 


don't care 


Note: The clock selection for the I/O interface 
mode is controlled by the serial control 
register (SC1CR). 


——> Serial transmission mode 


\/O interface mode 


don't care 


9-Bit UART 


Interrupt when 
data are received 


Interrupt only 
when RB8 = 1 


————— Receiving control 


Receive di 


Receive enable 


tH Transmission data bit 8 


Figure 3.11 (6). Serial Mode Control Register (Channel 1, SC1MOD) 
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SCICR 
(0055H) 


After reset 


Received : Parity 
data 0: Odd 
Bit8 1: Even 

Function : 


PE OERR 


0 
‘Parity 


0 


‘addition 1: error '¢  () ‘Baud rate 
:0: Disable... i C4 ) : generator 
it: Enable : Overrun : Parity raming : 1: SCLK1 ae SCLK1 
: : : : :Pin input 
:CL): 


R (clear to Zero when read) 


PERR FERR SCLKS 


0 0 


! 0: SCLK1 :0: 


Select I/O interface input clock (Note!) 


Baud rate generate 


SCLK1 Pin input 


Edge selection in SCLK pin input mode 


Transmits and receives ( a ) 
data at raise edge of SCLK 


Transmits and receives( ~ ¥_) 
data at fall edge of SCLK 


Framing error flag Cleared to Zero 


Parity error flag when read 


—————_ Overrun error flag 


> Enable parity addition 


0 | Disable 


C—_______________» Addition / check of even parity 


Odd Parity 


Even Parity 


——_________________-» Receiving data bit 8 


Note: As all error flags are cleared after reading, do not test only a single bit with a bit- 


testing instruction. 


Figure 3.11 (7). Serial Control Register (Channel 1, SC1CR) 
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BR1S1 BR1SO 


bit Symbol : BRICKO } BR1S3 : BR1S2 
Read/Write 


After reset 


: BRICK1 


Fix at “0” : 
: : 00: ¢T0 (4/fc) 


; O14: gT2 (16/fc) : Setting of the Divided frequency 
: 10: gT8 (64/fc) 
! 11: ¢732 (256/fc) 


Function 


Setting of the divided frequency of baud rate 
generator 


16 divided 


2 to 5 divisions 


Internal clock gT0 (4/fc) 


Internal clock ¢T2 (16/fc) 


Internal clock gT8 (64/fc) 


Internal clock 132 (256/fc) 


Note: To use baud rate generator, set TRUN <PRRUN >to “1”, putting the prescaler in RUN 
mode. 


Figure 3.11 (8). Baud Rate Generator Control Register (Channel 0, BROCR) 


7 6 5 4 3 2 1 0 


TB7 . TB6 | TBS | TB4 | TB3 : TB2 | TB1 TBO 


(Transmission) 


SC1BUF 


4H 
aa 6 5 4 3 2 1 0 


RB7 RBG RBS RB4. RB3_ RB2~ RBI RBO | (Receiving) 


Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF) 
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7 3 Be JE ye be tg 


f o6 ¢ & f 4 3 
i WE 


: 0: PORT : 0: PORT : 
:4:TxD1 i 1:SCLKO! 


: 0: PORT : 
! 4: SCLK1 


Prohibit Read 
modify write 


Setting TXDO/TXD1 output 


Port output 


TxD output 


Setting SCLKO/SCLK1 output 


Port output 


SCLK output 


Figure 3.11 (10). Port 9 Function Register (P9FC) 


ODE 
(0058H)} read/write 
> P83; PBO 
(0: CMOS 0: CMOS 
1: OPEN 31: OPEN 
i Drain : 


Drain 


Setting P80 as Open-drain output 
0 |CMOS output 


Open-drain output 


Setting P83 as Open-drain 
CMOS o 


Open-drain output 


Port 3.11 (11). Port 9 Open Drain Enable Register (ODE) 
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3.11.2 Configuration 
Figure 3.11 (12) shows the block diagram of the serial channel 0. 


BROCR<BROCK1,0>__ TO2TRG (Timer 2 comparator output) 


RS BROCK! O> __ : 


' <BROS3:0> 


es 
' ' 
\ \ 
! ' 
1 \ 
\ \ 
3 o | 
gT70 tel 5 2 ' 2 1 SIOCLK 
! ¢72 + y ° H o o ; 
I ¥ = = 
tee et g a ae 
' $732 +>) 4% a ' ' 
' \ 
ee 
na Beudrate: cot] 4 ScoMOD scoMOD ! 
| 41 (fc/2) generator <SC1,0> <SM1,0>! 
i f 
f f 
| a} : 
H ~ | WV/Ointerface mode ' 
5 
' om | 
t e ' 
scLKoOh ' 
(Shared | ' 
by P82 a sais plas ee Nha, Mee he ye zs 
ScOMOD 
<loc> 
SCLKO O 
(Shared by P82) ne me 
Receive SCOMOD Serial channel Transmission 
counter <WU> —| interrupt counter 
(UART only +16) control (UART only +16) 
RXDCLK TXDCLK 
SCOMOD ; NS 
<RXE>> Receive Transmission 


control : os C50. 
CJ (Shared by P82) 


Ge . 


control 


SCOCR 
<PE> <EVEN> 


Parity control 


There isn'tin 
channel 1 


Transmission buffer (SCOBUF) OTxbd0 


(Shared by P80) 


(Shared by P91) LE 


SCOCR 
<OERR><PERR><FERR> 


yyy 


Figure 3.11 (12). Block Diagram of the Serial Channel 0 
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Figure 3.11 (13) shows the block diagram of the serial channel 1. 


3 
& | /Ointerface mode 
SCLK1 2 
input 
(Shared 
by P85) 
SCLK1 
Output 
(Shared 
by P85 
) Receive Transmission 
counter interrupt counter 
(UART only + 16) control (UART only + 16) 
RXDCLK TXDCLK 
sci1MOD Receive Transmission 
<RXE> control control 
SCICR 
<PE> <EVEN> 
RxD1 Receive buffer 1 (Shift register) 


(Shared by P84) 


maeee Serial clock generation circuit -----------------------4 


BRICR<BRICK1,0> = TO2TRG (Timer 2 comparator output) 


Teas 


. ° ° 
¢T0 5 3 + + SIOCLK 
$12 o * o o 
T8 2 “ rm a 
J 3| |: a & 
2 7 
a 


Baud rate 
generator 


Sc1MOD 
<SC1,0> 


SciMOD 
<SM1,0> 


i 


Receive buffer2 (SC1BUF) Error flag 


SCICR 
<OERR><PERR><FERR> 


Internal bus 


Figure 3.11 (13). Block Diagram of the Serial Channel 1 


(Shared by P83) 
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@ Baud Rate Generator 


Baud rate generator comprises a circuit that gener- 
ates transmission and receiving clocks to determine the 
transfer rate of the serial channel. 

The input clock to the baud rate generator, @TO (fc/ 
4), ¢12 (fc/16), @T8 (fc/64), or 132 (fc/256) is generated 
by the 9-bit prescaler which is shared by the timers. One 


@ UART mode 


Transfer rate = 


@ |/O interface mode 


Transfer rate = 


Input clock of baud rate generator 
Frequency divisor of baud rate generator 


TMP95C061 


of these input clocks is selected by the baud rate genera- 
tor control register bit <BROCK1/0>/<BR1CK1.0> of 
BROCR/BR1CR. 

The baud rate generator includes a 4-bit frequency 
divider, which divides frequency by 2 to 16 values to 
determine the transfer rate. 

How to calculate a transfer rate when the baud rate 
generator is used is explained below. 


+16 


Input clock of baud rate generator 
Frequency divisor of baud rate generator * 


The relation between the input clock and the source clock (fc) is as follows: 


gTO= fo/4 
O12 = fc/16 
OT8= fo/64 


(132 = {0/256 


Accordingly, when source clock fc is 12.288 MHz, input clock is @T2 (fc/16), and frequency divisor is 5, the transfer rate 


in UART mode becomes as follows: 


Transfer rate = 
5 


fc/16 +16 


= 12.288 x 10°/16/5/16 = 9600 (bps) 


Table 3.11 (1) shows an example of the transfer rate in UART mode. 
Also with 8-bit timer 2, the serial channel can get a transfer rate. Table 3.11 (2) shows an example of baud rate using 


timer 2. 
Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used) 
Unit (kbps) 
Input Clock 
fe [Mhz] rseuunes 970 gT2 gT8 132 
(fc/4) (fc/16) (fc/64) (fc/256) 
Divisor 
9.830400 2 76.800 19.200 4.800 1.200 
tT 4 38.400 9.600 2.400 0.600 
tT 8 19.200 4.800 1.200 0.300 
tT 16 9.600 2.400 0.600 0.150 
12.288000 5 38.400 9.600 2.400 0.600 
T A 19.200 4.800 1.200 0.300 
14.745600 3 76.800 19.200 4.800 1.200 
T 6 38.400 9.600 2.400 0.600 
T C 19.200 4.800 1.200 0.300 


Note: 


Transfer rate in I/O interface mode is 8 times as fast as the values given in the above table. 
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Table 3.11 (2) Selection of Transfer Rate (1) (When Timer 2 (Input Clock ¢T1) is Used) 


Unit (Kbps) 
12.288MHz 12MHz 9.8304MHz 8MHz 6.144MHz 
96 76.8 62.5 48 
48 38.4 31.25 24 
32 31.25 16 
24 19.2 12 
19.2 9.6 
12 9.6 6 
9.6 48 
6 48 3 
48 24 


How to calculate the transfer rate (when timer 2 is used): 


Transfer rate = fc 
TREG2 x 8 x 16 
tT 
Input clock of Timer 2 
gl1= 8/tc 
g14= 82/fc 


@T16= 128/c 


(When Timer 2 (input clock @T1) is used) 


Note 1: Timer 2 match detect signal cannot be used as the transfer clock in I/O interface mode. 
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® Serial Clock Generation Circuit 


This circuit generates the basic clock for transmitting 
and receiving data. 


1) I/O interface mode (channel 1 only) 


When in SCLK output mode with the setting of SC1CR 
<lOC> = “O", the basic clock will be generated by 
dividing by 2 the output of the baud rate generator as 
described before. When in SCLK input mode with the 
setting of SCOCR <lIOC> = “1", the rising edge or fall- 
ing edge will be detected according to the setting of 


SCOCR <SCLKS> register to generate the basic clock. 


2) Asynchronous Communication (UART) mode 


According to the setting of SCOMOD/SC1MOD <SC1, 
O>, the above baud rate generator clock, internal clock 
@1 (max. 500 Kops @ fc = 16MHz), or the match 
detect signal from timer O will be selected to generate 
the basic clock SIOCLK. 


@® Receiving Counter 


The receiving counter is a 4-bit binary counter used in 
asynchronous communication (UART) mode and 
counts up by SIOCLK clock. Sixteen pulses of SIOCLK 
are used for receiving one bit of data, and the data bit 
is sampled three times at 7th, 8th and 9th clock. 

With the three samples, the received data is evaluated 
by the rule of majority. 

For example, if the sampled data bit is “1", “O” and “1” 
at 7th, 8th and 9th clock respectively, the received data 
is evaluated as “1”. The sampled data “O", “O” and “1” 
is evaluated that the received data is “O”. 


® Receiving Control 
1) I/O interface mode (channel 1 only) 


When in SCLK1 output mode with the setting of 
SC1CR <lIOC> = “O", RxD1 signal will be sampled at 
the rising edge of shift clock which is output to SCLK 
pin. 

When in SCLK input mode with the setting SC1CR 
<lOC> = “1", RxD1 signal will be sampled at the rising 
edge or falling edge of SCLK input according to the 
setting of SC1CR <SCLKS> register. 
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2) Asynchronous Communication (UART) mode 


The receiving control has a circuit for detecting the 
start bit by the rule of majority. When two or more “O” 
are detected during 3 samples, it is recognized as start 
bit and the receiving operation is started. 

Data being received is also evaluated by the rule of 
majority. 


© Receiving Buffer 


To prevent overrun error, the receiving buffer has a 
double buffer structure. 

Received data is stored one bit by one bit in the receiv- 
ing buffer 1 (shift register type). When 7 bits or 8 bits of 
data are stored in the receiving buffer 1, the stored 
data is transferred to another receiving buffer 2 
(SCOBUF/SC1 BUF), generating an interrupt INTRXO/ 
INTRX1. The CPU reads only receiving buffer 2 
(SCOBUF/SC1 BUF). Even before the CPU reads the 
receiving buffer 2 (SCOBUF/SC1 BUF), the received 
data can be stored in the receiving buffer 1. However, 
unless the receiving buffer 2 (SCOBUF/SC1 BUF) is 
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read before all bits of the next data are received by the 
receiving buffer 1, an overrun error occurs. If an over- 
run error occurs, the contents of the receiving buffer 1 
will be lost, although the contents of the receiving 
buffer 2 and SCOCR <RB8> SC1CR <RB8> are still 
preserved. Reading data from receive data buffer 2 
(SCOBUF/SC1 BUF) clears interrupt request flags 
INTRO <IRXOC> and INTRX1 <IRX1C7>. 

The parity bit added in 8-bit UART mode and the most 
significant bit (MSB) in 9-bit UART mode are stored in 
SCOCR <RB8>/SC1CR <RB8>. 

When in 9-bit UART mode, the wake-up function of 
the slave controllers is enabled by setting SCOMOD 
<WU>/SC1MOD <WU> to “1", and interrupt INTRXO/ 
INTRX1 occurs only when SCOCR <RB8>/SC1CR 
<RB8> is set to “1”. 


© Transmission Counter 


Transmission counter is a 4-bit binary counter which is 
used in asynchronous communication (UART) mode 
and, like a receiving counter, counts by SIOCLK clock, 
generating TxDCLK every 16 clock pulses. 


6:% 2 3 4 5 6 7 


10 11 12 13 14 15 16 


2 


Figure 3.11 (14). Generation of Transmission Clock 


@ Transmission Controller 
1) I/O interface mode 


In SCLKO output mode with the setting of SC1CR 
<lOC> = “O", the data in the transmission buffer are 
output bit by bit to TxD1 pin at the rising edge of shift 
clock which is output from SCLK1 pin. 

In SCLK1 input mode with the setting SC1CR <lIOC> = 
“{", the data in the transmission buffer are output bit 
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by bit to TxD1 pin at the rising edge or falling edge of 
SCLK input according to the setting of SC1CR 
<SCLKS> register. 


2) Asynchronous Communication (JART) mode 


When transmission data is written in the transmission 
buffer sent from the CPU, transmission starts at the ris- 
ing edge of the next TxDCLK, generating a transmis- 
sion shift clock TxDSFT. 


137 


TMP95C061 


Handshake function ated, requests the next send data to the CPU. 

Though there is no RTS pin, a handshake function can 
Serial channel 0 has a CTSO pin. Using this pin, data be easily configured by setting any port assigned to the 
can be sent in units of one frame; thus, overrun errors RTS function. The RTS should be output “High” to 
can be avoided. The handshake function is enabled/ request data send halt after data receive is completed 
disabled by SCOMOD <CTSE>. by a software in the RXD interrupt routine. 


When the CTSO pin goes high, after completion of the 
current data send, data send is halted until the CTSO 
pin goes low again. The INTTXO Interrupts are gener- 


95C061 

TxD 

cTs |< RTS (any port) 
Sender Receiver 


Figure 3.11 (15). Handshake Function 


Timing to write a eee ee eee 


transmission buffer 
CTS | from (1) to (2). @ 


13 14 15 16 1 2 3 14 15 16 1 2 3 


sock  —j4LILILILIL LIL LIL ILIL_L_ 
TxDCLK Se eee, | eee eee! | er 


7 
TxD startbit _« KA bit 0 


Note1l: Ifthe CTS signal rises during transmission, the next data is not sent after the 
completion of the current transmission. 
Note 2: Transmission starts at the first TxDCLK clock fall after the CTS signal falls. 


Figure 3.11 (16). Timing of CTS (Clear to Send) 
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Transmission Buffer 


Transmission buffer (SCOBUF/SC1 BUF) shifts to and 
sends the transmission data written from the CPU from 
the least significant bit (LSB) in order, using transmis- 
sion shift clock TxDSFT which is generated by the 
transmission control. When all bits are shifted out, the 
transmission buffer becomes empty and generates 
INTTXO/INTTX1 interrupt. 


@ Parity Control Circuit 


When serial channel control register SCOCR <PE>/ 
SC1CR <PE> is set to “1", it is possible to transmit 
and receive data with parity. However, parity can be 
added only in 7-bit UART or 8-bit UART mode. With 
SCOCR <EVEN>/SC1CR <EVEN> register, even (odd) 
parity can be selected. 

For transmission, parity is automatically generated 
according to the data written in the transmission buffer 
(SCOBUF/SC2BUF), and data are transmitted after 
being stored in SCOBUF <TB7>/SC1BUF <TB7> 
when in 7-bit UART mode while in SCOMOD <TB8>/ 
SC1MOD <TB8> when in 8-bit UART mode. <PE> 
and <EVEN> must be set before transmission data are 
written in the transmission buffer. 

For receiving, data is shifted in the receiving buffer 1, 
and parity is added after the data is transferred in the 
receiving buffer 2 (SCOBUF/SC1 BUF), and then com- 
pared with SCOBUF <RB7>/SC1BUF when in 7-bit 


® Generating Timing 


1) UART mode 
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UART mode and with SCOMOD <RB8>/SC1MOD 
when in 8-bit UART mode. If they are not equal, a par- 
ity error occurs, and SCOCR <PERR>/SC1CR 
<PERR?> flag is set. 


Error Flag 


Three error flags are provided to increase the reliability 
of receiving data. 


1. Overrun error <OERR> 


If all bits of the next data are received in receiving buffer 
1 while valid data is stored in receiving buffer 2 
(SCBUFO/1), an overrun error will occur. 


2. Parity error <PERR> 


The parity generated for the data shifted in receiving 
buffer 2 (SCBUFO/1) is compared with the parity bit 
received from RxD pin. If they are not equal, a parity 
error Occurs. 


3. Framing error <FERR> 


The stop bit of received data is sampled three times 
around the center. If the majority is “O", a framing error 
Occurs. 


Receiving 
Mode 9 Bit 8 Bit + Parity 8 Bit, 7 Bit + Parity, 7 Bit 
Interrupt timing Center of last bit (Bit 8) Center of last bit (parity bit) Center of stop bit 
Framing error timing Center of stop bit Center of stop bit Center of stop bit 
Parity error timing Center of last bit (Bit 8) Center of last bit (parity bit) Center of stop bit 
Overrun error timing Center of last bit (Bit 8) Center of last bit (parity bit) Center of stop bit 


Note: 


Framing error occurs after an interrupt has occurred. Therefore, to check for framing error during interrupt operation, it is necessary to wait for 1 bit 


period of transfer rate. 


Transmitting 


Mode 9 Bit 


8 Bit + Parity 8-Bit, 7 Bit + Parity, 7 Bit 


Just before last bit is transmitted. 


Interrupt timing 


< e 
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2) I/O Interface mode 


SCLK output mode Immediately after rise of last SCLK signal. (See Figure 3.11 (19).) 
Transmission interrupt timing ah Immediately after rise of last SCLK signal (rising mode), or immediately after fall in falling mode. 
SCLK input mode , 
(See Figure 3.11 (20).) 
Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after 
last SCLK. (See Figure 3.11 (21).) 
Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after 
SCLK. (See Figure 3.11 (22).) 


SCLK output mode 


Receiving interrupt timing 


SCLK input mode 
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3.11.3 Operational Description for transmitting or receiving data to or from the external 


shifter register. 


(1) Mode 0 (I/O interface mode) This mode includes SCLK output mode to output syn- 
chronous clock SCLK and SCLK input mode to input 
This mode is used to increase the number of I/O pins external synchronous clock SCLK. 
Output Input 
extension extension 
TMP9SCO61 Shift register TMP9SC061 Shift register 
TxD Leas! SI RxD QH 


SCLK }——>| CLOCK 


Port al s/L 


Wd dyddd 
1 on 


TC74HC595 or TC74HC165 or 
the like the like 


Figure 3.11 (17). Example of SCLK Output Mode Connection 


Output port Input port 

extension extension 
TMP95C061 Shift register > TMP95C061 Shift register pal <— 
—_ B| <— 
TxD HK—>| 5! > RxD QH c| < 
— D| < 
SCLK > SCLK CLOCK EE] =< 
— Fl -— 
Port > Port S/L G| <= 
ss. H| < 

TC74HC595 or — TC74HC165 or 


the like the like 


External clock. External clock 


Figure 3.11 (18). Example of SCLK Input Mode Connection 
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® Transmission time the CPU writes data in the transmission buffer. When 


all data is output, INTESO <ITXOC> will be set to generate 
In SCLK output mode, 8-bit data and synchronous clock INTTXO interrupt. 


are output from TxD pin and SCLKO pin, respectively, each 


Timing to write 
transmission ———————.- 
data 
SCLK1 output Ld Ls LA 
TxD1 


(_bito X bitr X \)  X bite X bit7 ) 


ITX1C (INTTX1 


interru ue request) 


Figure 3.11 (19) Transmitting Operation in I/O Interface Mode (SCLK Output Mode) (Channel 1) 


In SCLK output mode, 8-bit data are output from TxDO 
pin when SCLKO input becomes active while data are 
written in the transmission buffer by CPU. 


When all data are output, INTESO <ITXOC> will be set 
to generate INTTXO interrupt. 


TSCLRS Os 0: Rising edge mode) Ls Lu L.é Ls Ls 
gee a ee 


SCLK1 input 

(SCLKS = 1: Falling edge mode) 

TxD (_bito X__bit1 X\\_bits X_bité X_bit7 ) 

TxDSFT I | | I | | 
ITX1C (INTTX1 ees ae 
interrupt request) 


Figure 3.11 (20). Transmitting Operation in I/O Interface Mode (SCLK Input Mode) 
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@ Receiving <IRXOC> is cleared by reading the received data. 
When 8-bit data are received, the data will be trans- 
ferred in the receiving buffer 2 (GC1BUF) at the timing 
shown below, and INTES1 <IRX1C> will be set again 
to generate INTRX1 interrupt. 


In SCLK output mode, synchronous clock is output 
from SCLK pin and the data is shifted in the receiving 
buffer 1 whenever the receive interrupt flag INTESO 


RxD! bicgX_ bit GABE > TY 
as Generate 
Timing to shift datain 
the receiving buffer 2 INTRX1 | | 


Figure 3.11 (21). Receiving Operation in I/O Interface Mode (SCLK Output Mode) 


In SCLK input mode, the data is shifted in the receiving data will be shifted in the receiving buffer 2 (GC1BUF) at 
buffer 1 when SCLK input becomes active, while the the timing shown below, and INTES1 <IRX1C> will be set 
receive interrupt flag INTES1 <IRX1C> is cleared by read- again to generate INTRX interrupt. 


ing the received data. When 8-bit data is received, the 


Ste Gossena Leek kek eke Le 
aoe LD te a er 


SCLK1 input 
(SCLKS = 1: Falling edge mode) 
RxD! bit bit? 
Timing to shift data Generate _ 


in the receiving INTRX1 
buffer 2 


Figure 3.11 (22). Receiving Operation in I/O Interface Mode (SCLK Input Mode) 


Note: For data receiving, the system must be placed in the receive enable state (GC1MOD <RXE> = “1”) 
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(2) Mode 1 (7-bit UART Mode) and even parity or odd parity is selected by SCOCR 
<EVEN> /SC1CR <EVEN> when <PE> is set to “1” 
The 7-bit mode can be set by setting serial channel (enable). 
mode register SCOMOD <SM1,0> /SC1MOD 
<SM1,0> to “O1”. Setting example: —§ When transmitting data with the fol- 
In this mode, a parity bit can be added, and the addi- lowing format, the control registers 
tion of a parity bit can be enabled or disabled by serial should be set as described below. 
channel control register SCOCR <PE> /SC1CR <PE>, Channel 0 is explained here. 
wort 1X2 XK 3 KK SKS Kear son 
<—— Direction of transmission (transmission rate: 2400 bps at fc = 12.288 MHz) 
76543210 
BO SON ee ae 1} select P80 as the TxD pin. 
P8FC © XX-X--X1 
scoMmoD «+ X0-X0101 Set 7-bit UART mode. 
scocR «X11XXX00 Add an even parity. 
BROCR «0X100101 Set transfer rate at 2400 bps. 
TRUN ¢€1X----- - Start the prescaler for the baud rate generator. 
INTESO + 1100--- - Enable INTTXO interrupt and set interrupt level 4. 
SCOBUF «*** *#*** *# Set data for transmission. 
Note: X; don’t care -; nochange 
(8) Mode 2 (8-bit UART Mode) even parity or odd parity is selected by SCOCR 
<EVEN>/SC1CR <EVEN> when <PE> is set to “1” 
The 8-bit UART mode can be specified by setting (enable). 
SCOMOD <SM1,0>/ SC1MOD <SM1,0> to “10”. In 
this mode, parity bit can be added, the addition of a Setting example: | When receiving data with the follow- 
parity bit is enabled or disabled by SCOCR <PE>, and ing format, the control register 
should be set as described below. 
wn fe O TY 
~<— Direction of transmission (transmission rate: 9600 bps at fc = 12.288 MHz) 
Main setting 
76543210 
P8CR © XX----0- Select P81 (RxD) as the input pin. 
SCOMOD« -01X1001 Enable receiving in 8-bit UART mode. 
ScoOcR «X01XXX00 Add an odd parity. 
BROCR «0X010101 Set transfer rate at 9600 bps. 
TRUN © 1X ------ Start the prescaler for the baud rate generator. 
INTESO «+ ----1100 Enable INTRXO interrupt and set interrupt level 4. 
Interrupt processing 
Acc © SCOCR AND 00011100 } Check for error. 
if Acc * 0 then ERROR 
Acc « SCOBUF Read the received data. 
Note: X;don’t care -;no change 
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(4) Mode 3 (9-bit UART Mode) Wake-up function 
The 9-bit UART mode can be specified by setting In 9-bit UART mode, the wake-up function of slave 
SCOMOD <SM1,0> /SC1MOD <SM1,0> to “11”. In controllers is enabled by setting SCOMOD <WU> / 


SC1MOD <WUs> to “1”. The interrupt INTRX1/INTRXO 


this mode, parity bit cannot be added 
occurs only when <RB8> = 1. 


For transmission, the MSB (9th bit) is written in 
SCOMOD <TB8>, while in receiving it is stored in 
SCCR <RB83>. For writing and reading the buffer, the 
MSB is read or written first, then SCOBUF/SC1 BUF. 


Master Slave 1 Slave 2 Slave 3 


Note: TxD pin of the slave controllers must be in open drain output mode. 


Figure 3.11 (23). Serial Link Using Wake-Up Function 
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Protocol @® The master controller transmits one-frame data includ- 


; ing the 8-bit select code for the slave controllers. The 
@® Select the 9-bit UART mode for master and slave con- MSB (bit 8) <TB8> is set to “1”. 
trollers. 


@ Set SCOMOD <WU>/SC1MOD <WU> bit of each 
slave controller to “1” to enable data receiving. 


\WSOOOGQ0Q™ 


Select code of slave controller 


@ Each slave controller receives the above frame, and © The master controller transmits data to the specified 
clears WU bit to “O” if the above select code matches slave controller wnose SCOMOD <WU>/SC1MOD 
its own select code. <WU> bit 

is cleared to “O.” The MSB (bit 8) <TB8> is cleared to 
“0”. 


AVEy cr) a cD ED C0 8 ae 


Data =o" 
© The other slave controllers (with the <WU> bit remain- The slave controllers (WU = 0) can transmit data to the 
ing at “1”) ignore the receiving data because their master controller, and it is possible to indicate the end 
MSBs (bit 8 or <RB8>) are set to “O” to disable the of data receiving to the master controller by this trans- 
interrupt INTRXO/INTRX1. mission. 
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Setting Example: To link two slave controllers serially the internal clock @1 (fc/2) as the 
with the master controller, and use transfer clock. 


TxD RxD TxD RxD 
Master Slave 1 Slave 2 
Select code Select code 
00000001 00001010 
Since serial channels 0 and 1 operate in exactly the same way, channel 0 is used for the purposes of expla- 


nation. 


@ Setting the master controller 


Main 
P8CR «© XX----0 ‘ : 
parC eX KEKE XY } Select P80 as TxDO pin and P81 as RxDO pin. 
INTESO*’© 11001101 Enable INTTXO and set the interrupt level 4. 
Enable INTTXO and set the interrupt level 5. 
scomoD «+ 10101110 Set ¢1 as the transmission clock in 9-bit UART mode. 
SCOBUF« 00000001 Set the select code for slave controller 1. 
INTTXO interrupt 
SCOMOD « 0 - ----- - Sets TB8 to”0”. 
SCOBUF « ** * * * * * # Set data for transmission. 


® Setting the slave controller 2 


Main 

P8CR «© XX----01 Select P81 as RxDO pin and P90 as TxDO pin (open drain 

P8FC ©“XX-X-XX1 eae 

ODE —“XXXXXX-1 

INTESO¢’© 11011110 Enable INTRXO and INTTXO. 

scomoD+ 00111110 Set <WU> to “1” in the 9-bit UART transmission mode 
with transfer clock ¢1 (fc/2). 

INTRXO interrupt 

Acc © SCOBUF 

if Acc = Select code 

Then SCOMOD< - - - 0 ---- Clear <<WU> to “0”. 
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3.12 Analog/Digital Converter Figure 3.12 (1) shows the block diagram of the A/D con- 


TMP95C061 contains a high-speed analog/digital converter verter. The 4-channel analog input pins (AN3 to ANO) are 
(A/D converter) with 4-channel analog input that features 10-bit shared by input-only P9 and so can be used as input port. 
successive approximation. 


Internal bus 


pat setae, SO 


A/D converter mode register (ADMOD) 


ADCH EOCF ADBF REPET SCAN SPEED ADS 


repeat | 
busy 


A/D converter 
Channel select control circuit 


4-1 


0 g 


Analog input 


A/D conversion result register 
(ADREGO to ADREG3) 


D/A converter 
AGND (Vpep.) O(/-—___ 


Figure 3.12 (1). Block Diagram of A/D Converter 


Note 1: This A/D converter does not have a built-in sample and hold circuit. Therefore, when A/D converting high-frequency signals, connect a sample and 
hold circuit externally. 


Note 2: To lower the power supply current in IDLE or STOP mode, depending on the timing, standby mode can be entered with the internal comparator in 
enable state. Thus, stop A/D conversion before executing the HALT instruction. 


The ladder resistor between Veer (VRerH) - AGND (Vref) Cannot be disconnected internallly. 
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aoe 


misymee! EOCF : ADBF : REPET : SI : ADCS : ADS : ADCH1 : ADCHO 
faite] 


ADMOD 
(006DH) 


:ND Analog Input Channel 


Selection 


AD tae : Repeat Sean Mode 


Conversion : Conversion : ? Conversion 
EndFlag > BUSYFlag_ : £0: Conversion : speed 


£0: Single : channel 


: Mode 


1: END 


Function ! 4: BUSY Mode : Fixed fg High Speed 


1: Repeat :1: channel : Mode 


Mode Scan Mode :1 


Analog Input Channel Selection 


ee 


ANO 


ANO>AN1 


ANO>AN1-AN2 


ANO-AN1—>AN2AN3 


A/D Conversion Start 


Note) Always “0” when data is read 


A/D Conversion Speed 


Fixed Channel Mode 


Channel scan Mode 


—_————* A/D Repeat Mode 


Single Mode 


Repeat Mode 


AID BUSY flag 


NOT BUSY 


BUSY 
{+ A/D End Flag 


NOT END 


Figure 3.12 (2). A/D Control Register 
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woneoLe ADRO1 : ADROO 
Read/Write 


Undefined =: 1 | 4 


Lower 2 bits of A/D result for ANO are stored. 


ADRO8 : ADRO7 : ADRO6 : ADROS : ADRO4 : ADRO3 : ADRO2 


Undefined 


6 : 5 ; ; H : : 
a 
Undefined : 1 1 : 1 1 : 1 : 1 


: ADR18 : ADR17 : ADR16 : ADR15 : ADR14 : ADR13 : ADRI2 


Undefined 
Upper 8 bits of A/D result for AN1 are stored. 


After reset 
Function 


Figure 3.12 (3-1). A/D Conversion Result Register (ADREGO, 1) 
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ADR21 : ADR20 : 


Read/Write 
Undefined ae, (28 A ee a we 
Lower 2 bits of A/D result for AN2 are stored. 


et 


noes) (ADR29 : ADR28 : ADR27 : ADR26 : ADR25 | ADR24 : ADR23 : ADR22 


Read/Write R 


After reset Undefined 


Function Upper 8 bits of A/D result for AN2 are stored. 


ADR31 : ADR30 : 


Read/Write 
After reset Undefined es ee 
Function Lower 2 bits of A/D result for AN3 are stored. 


aa 


ADRE Wi bitSymbol | ADR39 : ADR38 | ADR37 | ADR36 ; ADR35 : ADR34 ; ADR33 : 


(006 


~N 
= 


Undefined 


Upper 8 bits of A/D result for AN3 are stored. 


Figure 3.12 (3-2). A/D Conversion Result Register (ADREG2, 3) 
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3.12.1 Operation (6) 


(1) 


152 


Analog Reference Voltage 


High analog reference voltage is applied to the VREF 

(VreFH) pin, and low analog reference voltage is 

applied to AGND (VReEFL) pin. 

The reference voltage between VREG (Vpery) and 

AGND (Veer) is divided by 1024 using ladder resis- (6) 
tance, and compared with the analog input voltage for 

A/D conversion. 


Analog Input Channels 


Analog input channel is selected by ADMOD <ADCH1, 
O>. However, which channel to select depends on the 
operation mode of the A/D converter. 

In fixed analog input mode, one channel is selected by 
ADMOD <ADCH1, O> among four pins: ANO to ANS. 
In analog input channel scan mode, the number of 
channels to be scanned from ANO is specified by 
ADMOD <ADCH1, O>, such as ANO + AN1, ANO > 
AN1 > AN2, and ANO > AN1 > AN2 > ANS. 

When reset, A/D conversion channel register will be ini- 
tialized to ADMOD <ADCH1, O> = 00, so that ANO pin 
will be selected. 

The pins which are not used as analog input channel (7) 
can be used as ordinary input port P9. 


Starting A/D Conversion 


A/D conversion starts when A/D conversion register 
ADMOD <ADS> is written “1". When A/D conversion 
starts, A/D conversion busy flag ADMOD <ADBF> 
which indicates “conversion is in progress” will be set 
to “1", 


A/D Conversion Mode 


Both fixed A/D conversion channel mode and A/D con- 
version channel scan mode have two conversion 
modes, i.e., single and repeat conversion modes. 

In fixed channel repeat mode, conversion of specified 
one channel is executed repeatedly. 

In scan repeat mode, scanning from ANO, ': > ANS is 
executed repeatedly. 

A/D conversion mode is selected by ADMOD <REPET, 
SCAN>. 


A/D Conversion Speed Selection 


There are four A/D conversion speed modes. The 
selection is executed by ADMOD <ADMCDSPEED> 
register. 

When reset, ADMOD <ADCS> will be initialized to “O,” 
so that high speed conversion mode will be selected. 


A/D Conversion End and Interrupt 


e A/D conversion single mode 

ADMOD <EOCF=> for A/D conversion end will be set to 
“1,” ADMOD <ADBF=> flag will be reset to “O,” and 
INTAD interrupt will be enabled when A/D conversion 
of specified channel ends in fixed conversion channel 
mode or when A/D conversion of the last channel ends 
in channel scan mode. 

A/D conversion repeat mode 

For both fixed conversion channel mode and conver- 
sion channel scan mode, INTAD should be disabled 
when in repeat mode. Always set the INTEOAD at 
“OOO,” that disables the interrupt request. 

Write “O” to ADMOD <REPET> to end the repeat 
mode. Then, the repeat mode will be exited as soon as 
the conversion in progress is completed. 


Storing the A/D Conversion Result 


The results of A/D conversion are stored in ADREGO to 
ADREGS registers for each channel. In repeat mode, 
the registers are updated whenever conversion ends. 
ADREGO to ADREGG@ are read-only registers. 


Reading the A/D Conversion Result 


The results of A/D conversion are stored in ADREGO to 
ADREGS registers. When the contents of one of 
ADREGO to ADREGS registers are read, ADMOD 
<EOCF> will be cleared to “O". 

Reading data from the upper 8 bits of the register 
(ADREGOH, ADREG1H, ADREG2H, ADREG3H) for 
one of the channels in use clears interrupt request flag 
INTEOAD <IADC>. 
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Sample: @ When the analog input voltage of the AN3 pin is A/D converted in high 
speed mode (160 states) and the results is stored in the memory address 
0100H by A/D interrupt INTAD routine. 


Main setting 


INTEOAD © 1100--- - 
ADMOD ©€XX000111 


INTAD routine 


WA « ADREG3 


WA >> 6 


(OOFF10H)« WA 


Enable INTAD and set interrupt level 4. 
Specify AN3 pin as an analog input channel and 
starts A/D conversion in 160 states speed mode. 


Read ADREG3L and ADREG3H values and write to 
WA (16 bit) 

Right-shifts WA six times and writes 0 in upper 
bits. ; 
Writes contents of WA in memory at OFF10H 


@® When the analog input voltage of ANO to AN2 pins is A/D converted in 
high speed / channel scan mode. 


INTEQAD «©1000 - - - - 
ADMOD -“«XxX110110 


Note) X: don’t care 


Disable INTAD 

specify ANO to AN2 as an analog input channel 
and start A/D conversion in high speed / channel 
scan mode. 


TMP95C061 
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3.13 Watchdog Timer (Runaway Detecting Timer) 
TMP95C061 is containing watchdog timer of Runaway detect- 
ing. 

The watchdog timer (WDT) is used to return the CPU to 
the normal state when it detects that the CPU has started to 
malfunction (runaway) due to causes such as noise. When the 
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watchdog timer detects a malfunction, it generates a non- 
maskable interrupt to notify the CPU of the malfunction, and 
outputs O externally from watchdog timer out pin WDTOUT to 
notify the peripheral devices of the malfunction. 

Connecting the watchdog timer output to the reset pin 
internally forces a reset. 


TOSHIBA CORPORATION 


TMP95C061 


3.13.1 Configuration (WDT). 
Figure 3.13 (1) shows the block diagram of the watchdog timer 


WDTOUT 


—>e—] woTout 


WDOUT control 


enable 


$ (2/f)—> 22 Stage Binary Counter 


<WODTE>| 


reset 
HALT Instruction 


(STOP, IDLE1 mode) 


WOT control register 


Internal Bus 


Figure 3.13 (1). Block Diagram of Watchdog Timer 


| | | 
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The watchdog timer is a 22-stage binary counter which 
uses @ (fc/2) as the input clock. There are four outputs from the 
binary counter: 2'6/fc, 2'8/fc, 2?°/fc, and 2??/fc. Selecting one 
of the outputs with the WDMOD register generates a watch- 
dog interrupt, and outputs watchdog timer out when an over- 
flow occurs. 

Since the watchdog timer out pin (WDTOUT) outputs “O” 
due to a watchdog timer overflow, the peripheral devices can 
be reset. The watchdog timer out pin is set to “1” after dis- 
abling WDT and clearing the watchdog timer (by writing a clear 
code 4EH in the WDCR register). 


(Example) 


WDT Counter n 
WDT Interrupt 


Cle 


UME VD, 


pds 


LDW (WDMOD), B100H ; — disable 
LD (WDCR), 4EH ; write clear 
SET 7, (WDMOD) ; enable again 


In other words, the WDTOUT continues to output “O” until 
the clear code is written. 

The watchdog timer out pin (WDTOUT) outputs 0 to 8 to 
20 states (640ns to 1.64s @ 25MHz) and resets itself. 


cay Cae 


Clear code of write 


WDT ar 
(Soft ware), AAR 


WDTOUT ‘ 


Figure 3.13 (2). Normal Mode 


Over flow 


WDT Counter n 
a Eee a ee) See eee 
WDT Interrupt 
| a ere 


WDTOUT 


(Internal Reset) 0 eee ee ee 


| 
8 to 20 states = 640 ns to 1.6 ws (25 MHz) 


Figure 3.13 (3). Reset Mode 
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3.13.2 Control Registers 


Watchdog timer WDT is controlled by two control registers 
WDMOD and WDCR. 


(1) | Watchdog Timer Mode Register (WDMOD) 


@® Setting the detecting time of watchdog timer 
<WDTP> 


This 2-bit register is used to set the watchdog timer 
interrupt time for detecting the runaway. This register is 
initialized to WOMOD <WDTP1, O> = 00 when reset, 
and therefore 2'/fSyg is set. (The number of states is 
approximately 32,768). 


TMP95C061 


To disable, it is necessary to clear this bit to “O” and 
write the disable code (B1H) in the watchdog timer 
control register WDCR. This makes it difficult for the 
watchdog timer to be disabled by runaway. 

However, it is possible to return from the disable state 
to enable state by merely setting <WDTE> to “1". 


@ Watchdog timer out reset connection <RESCR> 


This register is used to connect the output of the 
watchdog timer with RESET terminal, internally. Since 
WDMOD <RESCR3 is initialized to O at reset, a reset 
by the watchdog timer will not be performed. 


(2) | Watchdog Timer Control Register (WDCR) 
@ Watchdog timer enable/disable control register 
<WDTE> This register is used to disable and clear the binary 
counter of the watchdog timer function. 
When reset, WOMOD <WDTES is initialized to “1” 
enable the watchdog timer. 
e Disable control 
WDMOD < 0 Xx x Clear WOMOD <WDTE> to “O". 


WDCR < 1 0 1 1 0 0 0 


= 


e Enable control 


Set WDMOD <WDTE> to “1". 


e Watchdog timer clear control 


Write the disable code (B1H). 


The binary counter can be cleared and resume 
counting by writing clear code (4EH) into the WDCR reg- 
ister. 


WDCR <« 0 1 0 0 1 1 1 0 Write the clear code (4EH). 
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Eee! 


bit Symbol | WDTE : WDTP1 : WDTPO : WARM : HALTM1: HALTMO: RESCR : DRVE 


a ee ee ee 


R/W 
After reset 1 : 0 ; 0 0 0 i 0 : 0 0 


WDMOD 
(O06EH) 


WOT Select detecting time : Warming ‘Standby mode : 1: i 1: 
control :Uptime : internally! Drive the 
:00: 216/fsys :0: 214/f¢ 99: RUN mode connects: pinevenin 
Function 01: 218/fsys Esepteyte (1ESTOPmode = MDT outs | STOP mode 
1: Enable 19: 220/fsys e ane :10: IDLE1 mode : 7 : 
i114: 222/fsys i !11: IDEL2 mode care : 


DRVE (explanation by standby function) 


Watchdog timer out control 


Don't care 


.———~+» Select the detecting period of watchdog 
timer 


0 | 214/fc (approx. 655 ys at 25 MHz) 


215/fc (approx. 2.6 ms at 25 MHz) 
217/fc (approx. 10.5 ms at 25 MHz) 


219/fc (approx. 41.9 ms at 25 MHz) 


221/fc (approx. 168 ms at 25 MHz) 


Figure 3.13 (4). Watchdog Timer Mode Register 
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bit Symbol 
Read/Write 


WDCR 
(OO6FH) 


After reset 
——+ 


B1H : WDT disable code 


4EH : WDT clear code 
Function 


Figure 3.13 (5). Watchdog Timer Control Register 
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3.13.3 Operation 


The watchdog timer generates interrupt INTWD after the 
detecting time set in the WOMOD <WDTP'1, O> register and 
outputs a low level signal. The watchdog timer must be zero- 
cleared by software before an INTWD interrupt is generated. If 
the CPU malfunctions (runaway) due to causes such as noise, 
but does not execute the instruction used to clear the binary 
counter, the binary counter overflows and an INTWD interrupt 
is generated. The CPU detects malfunction (runaway) due to 
the INTWD Interrupt and it is possible to return to normal oper- 


Example 


woCcR «01001110 


ation by an anti-malfunction program. By connecting the 
watchdog timer out pin to peripheral devices’ resets, a CPU 
malfunction can also be acknowledged to other devices. 

The watchdog timer restarts operation immediately after 
resetting is released. 

The watchdog timer stops its operation in the IDLE and 
STOP modes. In the RUN mode, the watchdog timer is 
enabled. 

However, the function can be disabled when entering the 
RUN mode. 


@® Clear the binary counter 


Write clear code (4EH). 


® Set the watchdog timer detecting time to 21/fe 


WOMOD « 101--- XX 


@® Disable the watchdog timer. 


WOMOD « 0 - - - - - X X 
1 


wOoCcR «1011000 


® Set IDLE1 mode. 


WOMOD « 0 - - - 10 X X 
woCcR «10110001 


Executes HALT command 


Clear WDTE to “0”. 
Write disable code (B1H). 


Disables WDT and sets IDLE mode. 


Set the standby mode 


© Set the STOP mode (warming up time: 2!°/fc) 


WOMOD « - - - 101XX 


Executes HALT command. 


(note) X : don’t care 
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Set the STOP mode. 
Execute HALT instruction. Set the standby 
mode. 


- : nochange 
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3.14 Bus Release Function 

The TMP95C061 supports a bus request pin (BUSRQ: also 
used as P53) and a bus acknowledge pin (BUSAK: also used 
as P54). Set these pins using PSCR and P5FC. 


3.14 (1) Operation Description 

When 0 is input to the BUSRQ pin, the TMP95C061 acknowl- 
edges a bus request. When the current bus cycle ends, the 
TMP95C061 sets the address bus (A23 to AO) and bus control 
signals (RD, WR, R/W, CSO to 3) to high, then sets these sig- 
nals and the data bus (D15 to DO) output buffer to off, sets the 


TMP95C061 


BUSAK pin to low to indicate the bus is released. For bus 
release timing and DRAM dedicated pin state when the DRAM 
controller is in use, see 3.7 (6) Bus release mode. 

During bus release, the TMP95C061 cannot access 
internal I/Os and internal I/Os keep functioning. Therefore, the 
watchdog timer continues counting. To use the bus release 
function, set runaway detect time with bus release time in con- 
sideration. 


3.14 (2) Pin States as Bus Release 
Table 3.14 shows pin states at bus release. 


Table 3.14 Pin States as Bus Release 


DO to D7 


Port mode 


P10 to P17 
(D8 to 15) 


No status change. 


PIN status as bus release 


Function mode 


Becomes high impedance. 


Becomes high impedance. 


P20 to P27 
(A16 to A23) 


AO to A15 
RD 
WR 


No status change. 


First sets all bits to high, then sets them 
to high impedance. 


First sets all bits to high, then sets them 
to high impedance. 


P52 (HWR) 
P55 (R/W) 


P60 (CSO) 
P61 (CS1) 
P62 (CS2) 
P63 (CS3) 


No status change. 


No status change. 


First sets all bits to high, then sets 
output buffer to off. Internal pull-up is 
added regardless of output latch value. 


First sets all bits to high, then sets them 
to high impedance. 


For P63 (CAS), P64 (RAS), P65 (REFOUT), see the description of “3.7 (5) Bus release mode”. 
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4. Electrical Characteristics 


4.1 Absolute Maximum 


Symbol Parameter Rating Unit 
Voc Power Supply Voltage -0.5~6.5 V 
VIN Input Voltage -0.5 ~ Veg + 0.5 V 
LIOL Output Current (total) 102 mA 
XIOH Output Current (total) -120 mA 
PD Power Dissipation (Ta = 70 C) 600 mW 
T SOLDER Soldering Temperature (10s) 260 °C 
TSTG Storage Temperature -65 ~ 150 G 
TOPR Operating Temperature -20 ~ 70 °C 


4.2 DC Characteristics 
Voc = 5V + 10%, Ta = -20 to 70 C (8 to 25MHz) (Typical values are for Ta = 25 C and Voc = 5V unless otherwise noted) 


Symbol Parameter Min Max Unit Test Condition 
VIL Input Low Voltage (ADO-15) -0.3 0.8 V 
VILA P5, P7, P8, P9, PA, PB -0.3 0.3V¢ V 
VIL2 | RESET, NMI, INTO (PB7) -0.3 0.25V 6 Vv 
VIL3 | EA, AM8/16 -0.3 0.3 V 
VIL4 x1 -0.3 0.2Vo¢ V 
VIH Input High Voltage (DO to 15) 2.2 Veo + 0.3 V 
VIH1 P5, P7, P8, P9, PA, PB 0.7Vo¢ Vog + 0.3 V 
VIH2 | RESET, NMI, INTO (PB7) 0.75Vo Vog + 0.3 Vv 
VIH3 | EA, AM8/16 Veg - 0.3 Veg + 0.3 V 
VIH4 x1 0.8Vo¢ Vog + 0.3 V 
VOL Output Low Voltage 0.45 V | 10L=1.6mA 
V OH Output High Voltage 2.4 V | LOH =-400uA 
V 0OH1 0.75 Voc V | 1OH=-100pA 
V OH2 0.9Vo¢ V | 1OH= - 20pA 
| oan | four an) 49 35 | mt |Raretina 
ILI Input Leakage Current 0.02 (Typ) 45 HA | 0.0S Vin Voc 
| LO Output Leakage Current 0.05 (Typ) +10 HA | 0.2<Vin <Vo_- 0.2 
To Current (RUN) 26 (Typ) ; de fc = 25MHz 
lec 0 1.7 (Typ) 
STOP (Ta = -20 ~ 70°C) 0.2 (Typ) 50 WA | 0.2 < Vin < Vo - 0.2 
STOP (Ta = 0 ~ 50°C) 10 vA | 0.2<Vin<S Voc - 0.2 
| ¥STOr | aero in Gas 20 ao] liiecoae 
| R RST RESET Pull Up Register 50 150 KQ 
| C10 Pin Capacitance 10 pF | f¢=1MHz 
| VTH ey nia ‘bons 04 1.0 (Typ) V 
| RK Pull Down/Up Register 50 150 kKQ 


Note: _I-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics 
Veo = 5V+10%, Ta = -20 ~ 70 C (8MHz to 25MHz) 


Variable 20MHz 25MHz 
No. Symbol Parameter Unit 
Min Max Min Max Min Max 
1 tosc Osc. Period (= x) 40 125 50 40 ns 
2 tok CLK width 2x - 40 85 40 ns 
3 tak AO to 23 Valid—sCLK Hold 0.5x - 20 11 0 ns 
4 tka CLK Valid—>A0 to 23 Hold 1.5x - 60 24 0 ns 
5 AC AO to 23 Valid—>RD/WR fall 0.5x - 20 16 20 ns 
6 CA RDMR rise—>A0 to 23 Hold 0.5x - 20 11 0 ns 
7 AD AO to 23 Valid—sD0 - 15 input 3.0x - 35 140 105 ns 
8 RD RD fall D0 - 15 input 3.5x - 40 85 60 ns 
9 tar RD Low width 2.0x - 40 85 60 ns 
10 HR RD rise—>D0 to 15 Hold 0 0 0 ns 
11 tww WR Low width 2.5x - 40 85 60 ns 
12 tow DO to 15 Valid—sWR rise 2.0x - 40 60 40 ns 
13 two WR rise—>D0 to 15 Hold 0.5x - 10 15 10 ns 
14 taw AO to 23 Valid—> WAIT input (1WAIT + n mode) 3.5x - 90 85 50 ns 
15 tow WR Low width 2.5x - 0 125 100 ns 
16 tapy AO to 23 Valid —> PORT input 2.5x - 90 35 10 ns 
17 tapHo AO to 23 Valid > PORT Hold 2.5x - 50 175 150 ns 
18 top WR rise > PORT Valid 200 200 200 ns 
AC Measuring Conditions 
© Output Level: High 2.2V /Low 0.8V, CL50pF 
(However, DO to D15, AO to A23, ALE, RD, WR, HWR, RWW, CLK, CSO to CS3, CL = 100pF) 
e Input Level: High 2.4V /Low 0.45V_ (DO to D15) 


High 0.8Vcc /Low 0.2Vcc (except for DO to D15) 
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(1) Read Cycle 


x1 


CLK 


A0 to 23 


DOto15 ~. 
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(2) Write Cycle 


x1 


CLK 


AO to 23 


DO to 15 


DO to 15 4 
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4.4 DRAM Control AC Characteristics 
Voc = 5V+10% TA = -20 ~ 70°C (8MHz to 25MHz) 


Variable 20MHz 25MHz 
No. Symbol Parameter Unit 
Min Max Min Max Min Max 
1 RC RAS cycle time 4x 200 160 ns 
2 trac RAS access time 3x -40 110 80 ns 
3 teac CAS access time 1.5x - 25 40 25 ns 
4 ‘AA Column address access time 2.9X - 35 70 45 ns 
5 torr Input data hold time 0 0 0 ns 
6 RP RAS precharge time 1.5x- 10 65 50 ns 
7 tras RAS low pulse width 2.5x - 30 65 70 ns 
8 RSH RAS hold time Ix- 15 65 25 ns 
9 CSH CAS hold time 3x - 35 65 85 ns 
10 CAS CAS low pulse width 1.5x - 15 65 45 ns 
11 RCD RAS - CAS delay time 1.5x - 40 1.5x 35 75 20 60 ns 
12 RAD CAS column address delay time 0.5x -5 0.5x - 20 20 45 15 40 ns 
13 CRP RAS - CAS precharge time 1x- 35 15 5 ns 
14 cp CAS precharge time 2.5x - 35 90 65 ns 
15 tasr Low address setup time 0.5x- 15 10 5 ns 
16 tray Low address hold time 0.5x - 5 20 15 ns 
17 tasc Column address setup time 1x - 25 25 15 ns 
18 toaH Column address hold time 2x - 35 65 45 ns 
19 traL Column address RAS read time 2x - 30 70 50 ns 
20 tow. Write command CAS read time 2.9X - 35 90 65 ns 
21 tps Data output setup time 0.5x -5 10 5 ns 
22 ton Data output hold time 2x - 35 65 45 ns 
23 twes Write command setup time 1x - 30 20 10 ns 
24] tours | CAS hold time 2x - 50 50 30 ns 
25 tapc* RAS precharge CAS active time 1.5x - 30 45 30 ns 
26 tesp* CAS setup time 0.5x - 10 15 10 ns 
27 taps+2 RAS precharge time 6x - 50 250 190 ns 
28) — toys*2 | CAS hold time 0 0 0 ns 
29 torL Refresh setup time 1x-5 45 35 ns 
30 tory Refresh hold time 1x- 10 40 30 ns 
“1 CAS before RAS interval refresh mode 
*2 CAS before RAS self-refresh mode 
* Both refresh modes 
AC Measuring Conditions 
¢ Output Level: High 2.2V.  /Low0.8V, CL50pF 
(However CL = 100pF for DO to D15, AO to A238, RD, WR, HWR, R/W RAS) 
¢ Input Level: High 2.4V — /Low 0.45V_ (ADO ~ AD15) 


High 0.8Vcc/Low 0.2Vcc (except for DO to D15) 
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(1) Read/Write Access Cycle 


lon 
2o 
= jn jn isa) w w xe [oa | 
x ig lq N = = as s 
ce \U ° ° ° 25 « 
- - - = lal 
° S S 2 a 
< a a E 
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(2) CAS Before RAS Interval Refresh Cycle 


<_ 
j<— tcrL —> 
REFOUT 


(3) CAS Before RAS Self-Refresh Cycle 
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4.5 A/D Conversion Characteristics 
Voc = 5Vt10% TA = -20 ~ 70°C (8 to 25MHz) 


TMP95C061 


Symbol Parameter Min Typ Max Unit 
VRE Analog reference voltage Voge - 1.5 Voc Voc 
Agnp Analog reference voltage Vig Vg Vsg V 
VAIN Analog input voltage range Vig Voc 
IREF Analog current for analog reference voltage 0.5 15 mA 
Slow mode 441.5 14.0 
Error 4 <tc < 16MHz Fast mode 43.0 460 
(Quantize error of LSB 
40.5 LSB not included) Slow mode #5 +40 
Tsto<25MHz | Fast mode +4.0 48.0 
4.6 Serial Channel Timing - I/O Interface Mode 
Voce = 5V£10% TA = -20 to 70°C (8 to 25MHz) 
(1) SCLK Input Mode 
Variable 16MHz 20MHz 
Symbol Parameter Unit 
Min Max Min Max Min Max 
tscy SCLK cycle 16x 0.8 0.64 US 
toss Output Data—srising edge of SCLK tscy/2 - 5x - 50 100 70 ns 
tons SCLK rising edge—soutput data hold 5x - 100 150 100 ns 
tusr SCLK rising edge—sinput data hold 0 0 0 ns 
tsap SCLK rising edge—effective data input tscy - 5x - 100 450 340 ns 
Voc = 5V+10% TA = -20 to 70°C (8 to 25MHz) 
(2) SCLK Output Mode 
Variable 16MHz 20MHz 
Symbol Parameter Unit 
Min Max Min Max Min Max 
tscy SCLK cycle (programmable) 16x 8192x 0.8 512 0.64 409.6 US 
toss Output Data—rising edge of SCLK tscy - 2x - 150 590 410 ns 
tons SCLK rising edge—output data hold 2x - 80 20 0 ns 
tusr SCLK rising edge—input data hold 0 0 0 ns 
tsap SCLK rising edge—effective data input tgcy - 2x - 150 590 410 ns 
4.7 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7) 
Voc = 5V+10% TA = -20 to 70°C (8 to 25MHz) 
Variable 20MHz 25MHz 
Symbol Parameter Unit 
Min Max Min Max Min Max 
tvcK Clock cycle 8x + 100 500 420 ns 
tek Low level clock pulse width 4x + 40 240 200 ns 
tvcKH High level clock pulse width 4x +40 240 200 ns 
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4.8 Interrupt Operation 
Voc = 5V+10% Ta = -20 to 70°C (8 to 25MHz) 


Variable 20MHz 25MHz 
Symbol Parameter Unit 
Min Max Min Max Min Max 
tyra, | NMI, INTO Low level pulse width 4x 200 160 ns 
timaq | NMI, INTO High level pulse width 4x 200 160 ns 
tints. | INT4 ~ INT7 Low level pulse width 8x + 100 500 420 ns 
tivrsy | INT4 ~ INT7 High level pulse width 8x + 100 500 420 ns 
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4.9 Timing Chart for I/O Interface Mode 


CLK 


SCLK 


OUTPUT DATA 
TxD 


INPUT DATA 


>| 
me Kvaun X XK vaio XX vain XX vaio 
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4.10 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 
(Note) 
j~<— tgrc tcBAL 


DOtoD15  \\X Keowee 


AO to A23 


C30 to $3, «= -—— + —- - - - Se ea fa ia cafe 
RW, RAS, f f / \ 
CAS 


Variable 20MHz 25MHz 
Symbol Parameter Unit 
Min Max Min Max Min Max 
tgrc BUSRQ setup time for CLK 120 120 120 ns 
topaL CLK—»BUSAK falling edge 1.5x + 120 220 200 ns 
toBaH CLK—»BUSAK rising edge 0.5x + 40 65 60 ns 
taBa Floating time to BUSAK fall 0 80 0 80 0 80 ns 
tpaa Floating time to BUSAK rise 0 80 0 80 0 80 ns 


Note: The bus will be released after the WAIT request is inactive, when the BUSRQ is set to “O” during “wait” cycle. 
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5. Table of Special Function Registers 


(SFRs) 


(SFR; Special Function Register) 
The special function registers (SFRs) include the I/O ports 
and peripheral control registers allocated to the 128-byte 
addresses from OOOO0OH to O0007FH. 


(1) I/O port 
(2) /O port control 


Configuration of the table 


(8) Timer control 

(4) Pattern Generator control 
(5) Watch Dog Timer contro! 
(6) Serial Channel control 
( 
( 
( 
( 


8) Interrupt control 
9) Chip Select/Wait Control 


) 

) 

) 

) 

7) A/D converter control 
) 

) 

10) DRAM Control 


Sjba 
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>bit Symbol 
>Read / Write 
>Initial value afrer reset 


>Remarks 
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000000H 
1H 
2H 
3H 
4H 
5H 
6H 
7H 
8H 
9H 
AH 
BH 
CH 
DH 
EH 
FH 


Table 5 I/O Register Address Map 


TO1MOD 
TFFCR 
TREG2 
TREG3 
T23MOD 
TRDC 


TREG6L 
TREG6H 
TREG7L 
TREG7H 
CAP3L 
CAP3H 
CAP4L 
CAP4H 
TSMOD 
TSFFCR 


PGOREG 
PG1REG 
PGOICR 


H]ADREGOL si 
ADREGOH 
ADREGIL 
ADREG1H 
ADREG2L 
ADREG2H 
ADREG3L 
ADREG3H 
Bocs 
Bics 
B2cs 
B3cs 
BEXCS 
ADMOD 
WDMOD 
WOCR 


TREG4L 
TREG4H 
TREGSL 
TREGSH 
CAPIL 
CAP1H 
CAP2L 
CAP2H 
T4MOD 
T4FFCR 
T4SCR 


MSARO 
MAMRO 
MSAR1 
MAMRI1 


SCOBUF 
SCOCR 
SCOMOD 
BROCR 
SC1BUF 
SCICR 
$ci1MOD 
BRICR 
ODE 


DREFCR 
DMEMCR 
MSAR2 
MAMR2 
MSAR3 
MAMR3 


INTEOAD 
INTE4S 
INTE67 
INTET10 
INTET32 
INTET54 
INTET76 
INTESO 
INTES1 
INTETCO1 
INTETC23 
IMC 
DMAOV 
DMAIV 
DMA2V 
DMA3V 
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(1) I/O Port 


Note 
Read/Write 
R/W 
R 
W 


0 i 
P27: 


eet mods. 


7 2 a 


Input mode (Pulled-up 


Input mode (Pulled-up 


Clearing “RDE” to “0” outputs the RD strobe form RD pin (for PSRAM), even when the 
internal address is accessed. 
If“RDE” remains “1”, the RD strobe is output only when the external address is accessed. 


; Either read or write possible 
; Only read is possible 
; Only write is possible 


Prohibit RMW ; Prohibit Read Modify Write (Prohibit RES / SET / TSET / CHG/STCF/ANDCF/ 


ORCF/ XORCF Instruction) 
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(2) I/O Port Control (1/2) 


PORT1 
Control 


PORT2 
Function 


04H 
(Prohibit 
RMW) 


09H 
(Prohibit 


P17C Pi6C 


P1iC 


P10C 


P27F P26F P25F 


0 : 0 : 0 


PORTS 
Control 


PORTS 
Function 


PORT6 
Function 


PORT7 
Control 


10H 
(Prohibit 
RMW) 


11H 


(Prohibit 
RMW) 


15H 
(Prohibit 
RMW) 


RMW. 
5c 


1: A23~A16 


PS53C 


£0: PORT 


:0:PORT :0: 
:BUSAK $1 


1 


PORT 


:0: 


:BUSRQ :1: 


1: CS/CAS, RAS 


16H 
(Prohibit 


P77C P76C P75C 


P73C 


P72C 


0 


PORT7 
Function 


PORT8 
Control 


RMW) 


17H 
(Prohibit 
RMW) 


1AH 
(Prohibit 
RMW) 


PORTS 
Function 


1BH 


(Prohibit 
RMW) 


P76F P75F 


P73F 


1: OUT 


P72F 


P6IF 


0 


REFOUT 
P71C 


0 i 0 0 


0: PORT 1: PG1-OUT 0: PORT 1: PGO-OUT 


'0: PORT 
£1: SCLK1 


0 : 0 


P84C P83C 


0 


P82C 


) 


P60F 


P70C 


0 


“0: PORT 
'1:7xD1 


°0: PORT 
!1:SCLKO 
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(2) 1/0 Port Control (2/2) 


|symbol|_Name__| Address _| 


PA2C : PAIC 


(Prohibit 
RMW) 


PORTA 
Function 
(Prohibit : : :0:PORT :0:PORT 
RMW) : : i £41: TO3 '4:TO1 : : 
PBSC: PB4C_: PB3C_: PB2C_: PBIC_ : PBOC 
2EH 
(Prohibit 
RMW) 


PORTB 
Function 


(Prohibit : : :0:PORT :0:PORT 
RMW) : i '4:TOS _:1:TO4 
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(3) Timer Control (1/3) 


Timer 
Control 


8 bit Timer 
Register 0 


8 bit Timer 
Register 1 


8 bit Timer 


8 bit Timer 
Flip-Flop 
Control 


PWM 
Timer 
Register 2 
PWM 
Timer 
Register 3 


8 bit Timer 
2,3 

Source 
CLK & 
MODE 


Timer Reg. 
Double 
Buffer 
Control 
Reg. 


22H 
(Prohibit 
RMW) 
23H 
(Prohibit 
RMW) 


24H 
01 


(Prohibit 10: 
RMW) 1s 
TFF3C1 


25H 
01 
(Prohibit 
RMW) 
26H 
(Prohibit 
RMW) 
27H 
(Prohibit 
RMW) 


28H 
01 


10: 
(Prohibit 1: 


RMW) 


00: 


T23M1 


00: 


TO1MO 


TSRUN T4RUN 


T3RUN T2RUN 


Prescaler & Timer Run/ Stop CONTROL 
0: Stop & Clear 
1: Run (Count up) 


PWMO1 PWMo0 


8 bit Timer 
: 16 bit Timer 
8 bit PPG 

8 bit PWM 


TFF3CO 


00 : Invert TFF3 


: Set TFF3 


10: Clear TFF3 


: Don't care 


T23M0 


8 bit Timer 
: 16 bit Timer 
8 bit PPG 

8 bit PWM 


ee 


TFF3IE TFF3IS 


TFF3 
Invert ; 
Enable : 3 


PWM21 PWM20 


26-1 PWM 
27-1 Cycle 
28-14 


:1: Inversion: 
of Timer : 


TICLK1 TICLKO 


00 : TOOTRG 
01: ¢T1 
10: gT16 
11: ¢T256 


TFFIC1 TFFICO 


00: Invert TFF1 
01: Set TFF1 

10: Clear TFF1 
11: Don’‘tcare 


T3CLK1 T3CLKO 


00 : TOZTRG 
01: ¢T1 

10: ¢T16 
11: ¢T256 


TIRUN TORUN 


Undifined 
. : Undifined : _ . 


TOIM1 


TOCLK1 TOCLKO 


00: TIO INPUT 
01: gT1 

10: g74 

11: ¢T16 


TFFIE TFFAIUIS 


4 > TFF1 — :1:Inversion 
: Invert: of Timer 
Enable : 1 


T2CLK1 T2CLKO 


: Double Buffer 
Disable 

: Double Buffer 
Enable 
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(3) Timer Control (2/3) 


[symbol |__Name__| Address _| 


16 bit 
Timer 
Register4L 


16 bit 
TREGSH |Timer 
Register4H 
16 bit 
TREGSL |Timer 
RegisterSL 
16 bit 
TREGSH | Timer 
Register5H 


Capture 
Register1L 


TREG4L 


Capture 
Register1H 


Capture 
Register2L 


Capture 


16 bit 

Timer 4 

Flip-Flop 
Control 


T4FFCR 


14,75 
Control 


30H 
(Prohibit 
RMW) 
31H 
(Prohibit 
RMW) 
32H 
(Prohibit 
RMW) 


6 : 5 : 


Z : 
Undefined 


W. 


Undefined 


33H 
(Prohibit 
RMW) 


(Prohibit 
RMW) 


39H 


(Prohibit 
RMW) 


Undefined 


Po ndefined ned 


Undefined 


Undefined 


Undefined 


4 : 3 : 2 : 1 : 0 


CAP2TS EQSTS CAPIIN 


TFFS INV TRG : 
0: TRG Disable : 0: Soft- 
1: TRG Enable : 


: 1: Don't 


TFFSC1 TFFSCO CAP2T4 


00 : Invert TFFS 
01: Set TFFS 

10: Clear TFFS 
11: Don't care 


Capture 


care : 


Capture Timming 
00 : Disable 
01:74 PTIS tT 
10:T14 PTI4] 
11: TFF1 ? TFFIY 


CAP 1T4 EQST4 


TFF4 Invert Trigger 
0: Trigger Disable 
1: Trigger Enable 


:PG1 shift 
: trigger 
0: timer2,3 
: 1: timers 


CLE 


! 1:UC4 
: Clear : 
Enable : 


:PGO shift 
; trigger 
£0: timer0, 1 
: 1: timer4 


T4CLK1 


Undefined 


: CAP12M1 : CAP12M0 : 


Source Clock 
00: TI4 
01: ¢gT1 
10: gT4 
11: gT16 


TFFAC1 : TFFA4CO 


00 : Invert TFF4 
01: Set TFF4 

10: Clear TFF4 
11: Don’t care 


DB6EN DB4EN 


: Double 
Buffer 
Enable 


T4CLKO 
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(3) Timer Control (3/3) 


TREG6L 


TREG6H 


TREG7L 


TSFFCR 


Register3H 


16bit 40H 
Timer (Prohibit 
Register6L | RMW) 
16 bit 41H 
Timer (Prohibit 
Register6H}| RMW) 
16 bit 
Timer (Prohibit 
Register7L | RMW) 
16 bit 43H 
Timer (Prohibit 
Register7H| RMVW) 


Capture 


Capture 
Register4L 


Undifined 
SS 


2 __———— 


Capture 
Register4H 


48H 


(Prohibit 
RMW) 


16 bit 
Timer S 49H 
Flip-Flop 
Control | (Prohibit 
RMW) 


TSCLKO 


ESSE” 


CAP3IN__: CAP34M1 : CAP34M0 : CLE TSCLK1 


0 i 0 
Capture Timming 
00 : Disable 
01:TI6 fT TI7) 
10:TI6 T TIE | 
TFF1? TFFI YL 


CAP3T6 EQ7T6 
RAW. 


Source Clock 
: : 00: TI6 
:1:UCS : O01: ¢T1 
Clear : 10: ¢T4 
Enable : 11: ¢T16 


EQ6T6 TFF6C1 


:0:Soft-  : 
: Capture : 
1:Don't : 

care: 11: 


TFF6CO 


TFF6 Invert Trigger : 00: Invert TFF6 

0 : Trigger Disable : 01: Set TFF6 

1: Trigger Enable > 10: Clear TFF6 
11: Don't care 
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(4) Pattern Generator 


symbol | _Name__| Address | 


PGO 
PGOREG Register 


PG1 
Register 


PGO, 1 


PGOICR Contorol 


(5) Watch Dog Timer 


4CH 
(Prohibit 


PGO3 


(Prohibit 
RIVIV\ 
PAT1 


0: 8-bit 


1: 4-bit 


[symbol |_Name__| Address | 


Watch 
Dog 
Timer 
Control 
Register 
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WDTE 


1: WOT 


Enable 


(Prohibit 


PGO2 
PG12 


ccwi 


write: Rotation : 
i 1: Reverse : 1: 8-bit 
write: Rotation : 


WOTP1 


0 : 

00: 216/fc 
01: 218/fc 
10: 220/fc 
11: 222/fc 


B1H: WOT Disable Code 


PGO1 


PG11 


PGIM 


:0: Normal : 0: 4-bit 
Step ‘input 
‘enable 
Step '1: Enable 


WDTPO 


:PG1 trigger : 0: 8-bit 


PGOO SA03 SA02 SA01 


Undefined 


PG10 SA13 SA12 SAI1 


PGITE PATO ccwo PGOM PGOTE 


0: Normal :0:4-bit | PGO 
write: Rotation : Step : trigger 
i1:4-bit 1: Reverse :1:8-bit input 
i write: Rotation : Step : enable 

; : 1: Enable 


WARM : HALTM1_ : HALTMO : RESCR 


0 ; 
Standby Mode 
00: RUN Mode 
01: STOP Mode 
10: IDLE Mode 
11: Don't care 


Drive 
the pin 
in STOP 
mode 


: Warming : Connect : 1: 
: up Time 
£0: 214/fc 
: 1: 216/fe 


internally : 
WOT out : 
pinto i 
Reset Pin_: 


4EH: WDT Clear Code 
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(6) Serial Channel 


symbol | _Name__| Address | 


Serial 
Channel 0 
Buffer 


SCOBUF 


50H 


RBG: ~-RB3: —~RB2 
Ta4 | = TB3_ i; TB2 


Serial 
Channel 0 
Control 


Serial 
Channel 0 
Mode 


Baud Rate 
Control 


Serial 
Channel 1 
Buffen 


Receiving :Parity 
data bit8 :0: Odd 
:1: Even 


0 : 0 
Trans- 31: 
mission :CTS 
data bit8 : 


akeup ; 01: UART 7bit 
: 10: UART 8bit 
yee 11: UART 9bit 


BROS3 


:Receive 
Enable: Enabl 


BROCK1 BROCKO BROS2 


(4/fc) 
(16/fc) 
(64/fc) 
(256/fc) } 
RBG; =O RBS); 
: TB2 


Serial 
Channel 1 
Control 


Serial 
Channel 1 
Mode 


Baud Rate 
Control 


Receiving :Parity 


data bit 8 :0: Odd Parity § : Framing 


Undefined : : 
Trans- : Fixat 1: 
mission : “0” —:Receive 
data bit 8 : Enable: 


00: I/O Interface 
01: UART 7bit 
10: UART 8bit 
11: UART 9bit 


akeup : 
Enable: 


BRICK1 BR1CKO BR1S3 BR1S2 


00: ¢T0 
01: gT2 
10: gT8 


(afc) 
(16/fc) 
(64/fc) 
(256/fc)_: 


: 0: SCLK1 


i 
RB1 
TB1 


: 1: Input 
: SCLKO pin 


0 


: 00: I/O Interface mode :00: TO2 Trigger 

:01: Baud rate generator 
:10: Internal clock ¢1 
11: Don’t care 


BROS1 BROSO 


Set frequency divisor 
OtoF 
("1" prohibited) 


RB1 
TB1 


i1: Input 


43 


0 : 0 
00: TO2 Trigger 
01: Baud rate 
generator 
10: Internal clock ¢1 
11: Don't care 
BR1S1 BR1SO 


Set frequency divisor 
OtoF 
("1" prohibited) 
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(7) A/D Converter Control 


[symbol] Name | Address] 7: 6 | 5 : 4 =. +3 | +2: +1 ~~: ~O 
[ AbRo1 : ADROQ } i} ES 


Undefined : 1 : 1 : 1 : 1 : i : 1 
ADROO : ADRO8 : ADROZ : ADRO6 : ADROS : ADRO4 : ADROZ3 : ADRO2 


Undefined 


ADR11 : ADRIO 


R 
Undefined : 1 : 1 : 1 : 1 : 
ADR19_ : ADRI8 : ADRI7_ : ADRI6 : ADR15 : ADRI4 : ADRi3 : ADRI2 


AD Result 
Reg 1 high 


ADR21_: ADR20 


Undefined : : : : 
ADR29_: ADR28 : ADR27_ : ADR26 : ADR25 : ADR24_ : ADR23_: ADR22 


AD Result 
Reg 2 high 


ADR31_ : ADR30 


) 
AD Result 
Reg 3 low 


Undefined : : : : : i 
ADR39_: ADR38_ : ADR37_: ADR36_ : ADR35_: ADR34_: ADR33_: ADR32 


AD Result 
REG3H |Reg 3 high 


Undefined 
ADcsS : ADS _: ADCH1 : ADCHO 


Converter ; E : F i : 
Mode reg 1: Busy '1: Repeat :1: Scan 1: Slow iW: START: Analog Input 
: : mode: mode: mode: : Channel Select 


*1) Data to be stored in A/D Result Reg Low are the lower 2 bits of the conversion result. The 
contents of the lower 6 bits of this register are always read as “1”. 
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(8) Interrupt Control (1/2) 


[symbol] Name | Address] 7 | 6 | 5 | 4 | 3 | 2 [i | oo | 
INTO 
INTE- bots 70H IADC | IADM2 : IADM1 : IADMO 10C 10M2 1oM1 10Mo 
OAD O&AID (Prohibit Hi +e oe tonto : a7 
RMW) : : : a a ae 
NTerrupt | aay [1sM2._: ISM1_:_I5MO 14c 14M2 14M 1 iamo 
INTE4S | Enable ay : : 
ae (Prohibit : 
RMW) : i : Ome? Oeste 90) es 0 
icaohar INT6 
Pel 72H 17C I7M2 17M1 17M0 16C 16M2 16M1 16mo 
INTE67 | Enable bee 
a (Prohibit a 
RMW) : 
nae Ted 
NTerrupt 
73H a IT1M2 ITIM1 iTIMO TOC ITOM2 ITOM1 iTOMO 
INTETO1| Enable on 
Timer 1/0 (Prohibit 
1 
RMW) 


ee Timer ; Ta rier? 


fs 
INTerrupt | 744 iT3¢.. ~1T3M2_~=:~«IT3M1_;_IT3M0 IT2c iT2M2 1T2M1 T2MO 
INTET23] Enable | oo oyinit : ; 
Timer 3/2 RMW) 


INTerrupt 75H ITSC IT5M2 IT5M1 IT4M2 IT4M1 
Enable ass 
Treq 5/4 (Prohibit 

9 RMW) 


NTerrupt 76H 
Enable a : 
Treg 7/6 (Prohibit 3 
a RMW) = a oe a Ss 
NTerrupt INTTXO INTRXD 
P 77H ITXOC ITXOM2 ITXOM1 ITXOMO IRXOC IRXOM2 IRXOM1 IRXOMO 
INTESO | Enable ws 
Enable | (prohibit a ea Re 
: RMW) : 
INTTX4 INTRXI 
NTerrupt 
78H ITX1C ITX1M2 ITX1M1 ITX1MO IRX1C IRX1M2 IRX1M1 IRX1MO 
INTES1 | Enable ease 
(Prohibit ee nN 


ial 1 
Seria RMW) 


INTC! INTTCO 


mesg ITCIM2 : ITCIM1 : ITC1MO ITCOC ITCOM2 : ITCOM1 : ITCOMO 
RAW w 


: : : 0 : 0 : 0 : 0 
INTTC2 


INTerrupt 
Enable 
TCO/1 


INTETC 
01 


79H 
(Prohibit 


INTETC ries 7AH eae iTC3M2_: ITC3M1_: ITC3MO nese 1Tc2M2_ = ITC2M1_ : ITC2MO 
23 chet (Prohibit : 
RMW) 


Function (Write) 
Prohibit interrupt request. 

Set interrupt request level to “1” 
Set interrupt request level to “2” 
Set interrupt request level to “3” 
Set interrupt request level to "4" 
Set interrupt request level to “5” 
Set interrupt request level to "6" 
Prohibit interrupt request 


Function (Read) | Function (Write) 
Indicate no interrupt request. Clear interrupt request flag. 
1 Indicate interruptrequest. ss | = - = -- ‘tcare ----- 
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(8) Interrupt Control (2/2) 


Symbol Name 


Interrupt 
Input 
Mode 
Contorol 


OMA 0 
request 
Vector 


DMA 1 
request 
Vector 


DMA2 
request 
Vector 


DMA 3 
request 
Vector 


(Prohibit 
RMW) 


7CH 
(Prohibit 
RMW) 


70H 
(Prohibit 
RMW) 


7EH 
(Prohibit 
RMW) 


7FH 
(Prohibit 
RMW) 


IOLE _: NMIREE 


4: INTO :0: INTO 1: Operate 
: input : edge : evenat 
enable : mode : NMirise 
4: INTO : edge 
: : : : : level 
: mode 
Seat wee een HDMAO Start vector 


! DMAOV8 : DMAOV7 : DMAOV6 : DMAOVS |: DMAOV4 


ee a HDMA1 sai vector 


: DMA1V8 : DMA1V7_: DMAIV6 : DMA1VS : DMA1V4 


i : i 0 i 0 i 0 : 
ae er i ee HDMA2 Start vector 


: DMA2V8 : DMA2V7 : DMA2V6 : DMA2V5 : DMA2V4 


i HDMA3 Start vector 
} DMA3V8_ : DMA3V7_: DMA3V6 : DMA3V5 : DMA3V4 


TOSHIBA CORPORATION 


185 


TMP95C061 


(9) Chip Select/Wait Control (1/2) 


[Symbol] Name | Address [7 [6 [5 | 4 7 3 7 2 | 1 J 90 | 
| i 


BOBUS _: _BOC1 


Block 0 
CS/ WAIT 
control 
register 


68H : : :0: : :0: 16BIT : 00: 2WAI 


i : : :1:8BIT = | 01: 1WAIT 
(Prohibit : : bi i i 10: 1WAIT +n 
RMW) : : i i 11: OWAIT 


Block 1 
CS / WAIT 
control 
register 


:0:B1CS :0: 16 BIT 00: 2WAIT 
: : it: master: :1: 8BIT 01: 1WAIT 
(Prohibit : : bi : : : 10: WAIT+#n 
RMW) ; : : :__11: OWAIT 
: : B2W1_: B2WO 
Block 2 
CS/ WAIT 


control 
register 


0: B2CS :0: 16M :0:16BIT : 00: 2WAI 
: : it:master ; area = :1: 8BIT 01: 1WAIT 
(Prohibit i : : bit '1:MREG : 10: WAIT +n 
RMW) : : i i setting : 2 41: OWAIT 
: > B3CAS : B3BUS : B3W1_: 


Block 3 
CcS/ WAIT 
control 
register 


: : 0 : 
:0:B3CS_ —_:0: CS3 : 00: 2WAIT 
: : i1:master : output 01: 1WAIT 
(Prohibit : : : bit 11: CAS : 10: 1WAIT +n 
RMW) i : : 11: OWAIT 
: : BEXBUS : BEXW1 : BEXWO 


External 
CS/ WAIT 
control 
register 


0 s 
00: 2WAIT 
: : : : i 01: 1WAIT 
(Prohibit : : : : : > 10: IWAIT+n 
RMW) i : i i i : 114: 0WAIT 
$23... S22: S2i: $20: Si9 : S18 : S17: S16 
ae |) eee 
fea ae ee ee ee ee 


A23 toA16 
Memory start address setting 
Memory v20.: vid: Vi8_ : i Bo MAIS. : v8 
1: 


Start ie ee ee IN ee 


Address 


Mask 0: Comparison is valid 
Reg. 0 Comparison is invalid 
$23: $22: S21: : : $18: S$17_: $16 
Memory 
Start 
Address 


Reg. 1 


A23 to A16 
Memory start address setting 
Memory : : ¢ VIS. 92) N17 «3 
Start 
Address : : : 
Mask 0: Comparison is valid 
Reg. 1 1: Comparison is invalid 
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(9) Chip Select/Wait Control (2/2) 


Memory 
Start 
Address 
Reg. 2 


MSAR2 


Memory 
Start 
MAMR2 | Address 
Mask 
Reg. 2 


Memory 
Start 
Address 
Reg. 3 


MSAR3 


Memory 
Start 

Address 
Mask 
Reg. 3 


(10) DRAM Control 


Refresh 
DREFCR | Control 
Reg. 


Memory 
Access 

DMEMCR 
Control 


Reg. 


HSumbol {name f acsress | 7s] s Ta Tg a 


5CH 


SDH 


SEH 


(Prohibit 
RMW) 


: $21 : : $19 : i $17 i 


re to ae 
Memory start address setting 


0: Comparison is valid 
1: Comparison is invalid 
$23 i $22 i $21 : $20 ; $19 3 $18 : $17 ; $16 
R/W 
1 : 1 : 1 : 1 : 1 : 1 : 1 : 1 
A23 to A16 
Memory start address setting 


0: Comparison is valid 
1 : Comparison is invalid 


Dummy : Refresh cycle insertion interval : Refresh cycle width 
cycle i 000: 31 states : 000: 2states 
0: Prohibit : 001: 62 states : 001: 3states 
1: Execute 010: 78states 010: 4states inserted 
: 011: 97 states i 011: Sstates : inserted 
100: 109 states 100: 6states 
101: 124states : 101: 7states 
110: 154states : 110: 8 states 
111: 195 states | 111: 9 states 
: : MACM : MUXE : MUXW1 ! MUXWO: MAC 


Self : : DRAM pi : Normal : Address : Multiplexed address length 
refresh: : Bus : access : multiplex ; 00: 8bit ccess control 
0: Execute Release 1: Slow 0: Disable 01: Qbit 10: Disable 
1: Release : 0: Release : access : 1: Enable : 10: 10 bit 1: Enable 
H1:Not i 44: 11 bit 
: release : : 


i Memory 
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6. Port Section Equivalent Circuit Diagram 
e Reading The Circuit Diagram 


Basically, the gate symbols written are the same as 
those used for the standard CMOS logic IC [74HCXx] 
series. 


The dedicated signal is described below. 


¢ DO to D7, P1 (D8 to 15) 
Output Data 
Output Enable 
STOP 


Input Data 


Input Enable 


¢ P2 (A16 to A23), AO to A15, RD, WR, P6 


STOP: This signal becomes active “1” when the hold 
mode setting register is set to the STOP mode 
(WDMOD <HALTM1,0> = 0,1) and the CPU 
executes the HALT instruction. When the drive 
enable bit [DRVE] is set to “1”, however, STP 
remains at “O”. 

e The input protection resistor ranges from several tens of 
ohms to several hundreds of ohms. 


=< N-ch 


vcc 
Output Data 
Output 
STOP ms 


e P52 52, P7, P81, P82. P84, P85, PA, PB6 ~ BO 


Output Data 


Output Enable 
STOP 


vcc 


| Pull Up Resistor 


1 
1 
1 


Input Data as Wy 


Input Enable 
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* P9 (ANO to 3) 


Analog Input 
Channel Select 
Analog Input Input 
Input Data 
Input Enable 
© P87 (INTO) 
vcc 


Output Data 


Output eee seks ER SA. _, Programmable 
VCG pull Up 
| Resistor 


Input Data <———_o<} +} 0c q#@_-$$_ y+ + —— V0 
Schmitt 


e P80 (TXDO), P83 (TXD1) 


vcc 
Output Data 
Open Drain 
OutputEnable —— [f [ 7} Je | . Programmable 
STOP VCC! pull Up 


| Resistor 
! 


Input Data <——__o0< os Wt vO 
Input Enable 
e NMI 
NMI  _o—r—H_ Input 
Schmitt 
e WDTOUT 


WDTOUT $$ Do—_ > —_____—__]] Output 
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e CLK 
vcc Vvcc 
Internal CLK P-ch 
Output 
STOP < 
N-ch 
Internal Reset 
Test Circuit 
e EA, AM8/16 
I Input 
e RESET 
100 ka Vcc 
ae el 
Reset Input 
Schmitt 
WDTOUT 
Reset Enable 
e X1, X2 
Clock 


Oscillator 


STOP 


° VREF (vRerH) AGND (vrert) 


[] VREF (VreFH) 


i Ladder 


Resistor 
A/D Converter {_] AGND (Vrer.) 


GND 
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7. Care Points and Restriction 


(1) 


Special Expression 


@® Explanation of a built-in I/O register: Register 


Symbol <Bit Symbol> 
ex) TRUN <TRUN> °°: Bit TORUN of Register TRUN 


@ Read, Modify and Write Instruction 


An instruction which CPU executes following by one 
instruction. 


1. CPU reads data of the memory. 
2. CPU modifies the data. 
3. CPU writes the data to the same memory. 


ex1) SET 3, (TRUN) °-- set bit8 of TRUN 
ex2) INC1, (100H) «-: increment the data of 100H 


e The representative Read, Modify and Write 
Instruction in the TLCS-900 


SET imm, mem, RES imm, mem 

CHG imm, mem,  TSET imm, mem 

INC imm, mem, DEC imm, mem 

RLD A, mem, ADD imm, reg 
@ 1 state 


One cyclecycle clock divided by 2 oscillation frequency 
is called 1 state. 


ex) Oscillation frequency is 25MHz. 
2/25MHz = 80ns = 1 state 
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Care Points 

® EA, pin, AM/16 pin 

Fix these pins VCC or GND unless changing voltage. 
@ Warming-up Counter 


The warming-up counter operates when the STOP 
mode. is released even the system which is used an 
external oscillator. As a result, it takes warming up time 
from inputting the releasing request to outputting the 
system clock. 


@® Programmable Pull Up/Down Resistance 


The programmable pull up/down resistors can be 
selected ON/OFF by program when they are used as 
the input ports. The case of they are used as the out- 
put ports, they cannot be selected ON/OFF by pro- 
gram. 


® Bus Releasing Function 


Refer to the “Note about the Bus Release” in 3.5 Func- 
tions of Ports because the pin state when the bus is 
released is written. 


© Watch Dog Timer 


The watch dog timer starts operation immediately after 
the reset is released. When the watch dog timer is not 
used, set watch dog timer to disable. 


© CPU (HDMA) 


Only the “LDC cr, r’, “LDC r, cr” instruction can be 
used to access the control register like transfer source 
address register (DMASn) in the CPU. 
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Notes 
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